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Fore"word 



I HE rapid evolution of coastructive methods in recent 
1 :3r. yea>*s, as illustrated in the use of steel and concrete, 
, and the increased size and complexity of buildings, 
has created the necessity for an authority which shall 
embody accumulated experience and approved practice along a 
wiety of correlated lines. The Cyclopedia of Architecture, 
Carpentry, and Building is designed to till this acknowledged 
need. 

C. There is no industry that compares with Building in the 
cloae interdependence of its subsidiary trades. The Architect, 
for example, who knows nothing of Steel or Concrete con- 
strnction is today as much out of place on imixirtant work 
as the CSontrsctor who cannot make intelligent estimates, or who 
underataads nothing of his legal rights and responsibilities. A 
carpenter must now know something of ^lasonry. Electric Wiring, 
and, in fact, all other trades employed in the erection of i\ build- 
insr; and the same is true of all the craftsmen whase hitndiwork 
will «tter into the completed structure. 

V. Neither pains nor expense have lieen spared to make the 
present work the most compreheasive and authoritative on the 
subject of Building and its allied industries. The aim has been, 
not merely to create a work which will appeal to the trained 



exiKMt. but utiu lliut will commonil iLsolf ako Ut Lbu bci;iuDer 
and the self-taught, pmctical man by givini; him a working 
kQuwIedgL' uf thL> principles nad methuds. not only of hit* own 
particular trade. Imt of all other branches of the Building Indus- 
try as well. Till.' various sections have l)e«n pi-0|>Hn*d o-specially 
for home study, each written by an acknowledged autliority on 
the siilijecl. The arninjreinent of matter is such as to carry the 
student, forward by easy ^tui^^^. Series of review questions are 
inserted in each volume, enabling the reader to test his knowl> 
edge and make it a iK^nuaneiit iKisiiCssioa. The ilKiNtnitions havu 
been select«Kl with unumml care to elucidate the l«xt. 

C The work will be found to cover many important topics on 
which little infiinn&tion has heretofore boon available. This is 
especially apparent in such sections as thow on Stoel, Concpete, 
and Reinforced Omcrete Construction; Building Sujierintendence; 
Eatimating; Contracts and S|>Gciticatiou!>. including the i»rinci- 
pl&s and methixls of awarding and executing (iovemment con- 
tracts; and Building l^w. 

C. The Cyclopedia Ls a comjiilatJon of many of the mo:>t valu- 
able Inntruction Papers of the American School of Correspond- 
entv. and tlic method adupttf^l in it** preparation is that which tbi^ 
School has doveloi)cd and cmploytxl so snccwwfully for many .i-«arA. 
This mcth'Ml is not an experiment, but hax stood ttie severest of all 
teslf tliat of practical us*> — which has demonstralf^ it to la* the 
liect yet devined for the education of the busy wgrking man. 

C In conclusion, gratefol ackoowlcdgmenl is due the staff uf 
•utbom and collnlKiraIo<>, without whoM> liearty coK>peration 
tbi» work would Imve l)oen impossible. 
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CARPENTRY 



PART I 



INTRODUCTION ^\ o>..^s ^f>^ J , •;-i •! i^ ^ •■ <" j 

The carpenter has always been a worker in wood and probably 
will always be so, unless we are so foolish as to neglect the newer 
art of Forestry to such an extent that in the course of time we have 
no wood wherein to work and vnth which to build and decorate our 
habitations. The building and the decoration of houses and other 
structures has always been the s|>ecial contribution of the carpenter 
to the general welfare of the community, and this feature has dis- 
tinguished him from other woodworkers such as carriage builders, 
shipbuilders, coopers, and makers of various implements. But 
whereas the carpenter formerly did all the work connected with the 
building or decoration of the structure, he now performs only a small 
part of it. At one time he was called upon to prepare the rough 
lumber for framing, erect the building, make the doors and windows 
together with their frames, and then make and put in place all the 
outside and inside finish, even including the furniture. In these 
days, however, factories are doing a great deal of this work, such as 
the manufacture of doors and window sash, interior finish, furniture, 
etc., and the lumber which was formerly prepared by hand is now 
sawed, cut, planed, molded, and even sandpapered by machinery, 
leaving for the carpenter the preparation of the framing of such 
buildings as are not large enough to be built of brick, stone, or steel, 
and the putting in place at the building of the exterior and interior 
finish which has previously been made ready so far as possible at the 
factory. The old-time joiner has given way to the modern cabinet 
maker or the factory woodworker, and his plane, saw, and chisel 
have been replaced by electrically-driven machinery of the planing 
mill and the door factory. Nevertheless, the principles upon which 
the art of carpentry is based have not changed, and we still use the 

Copyright, 1912, by American School of Correspondence. 
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2 CARPKNTUY 

fopmulafl, and profit by the n-iadnm which has cnme down to us fmm 
our futlirrs. 

The carpenter )ia» alwnys found at hand his materiHl pro\-iile(l 
by Nature, needing only to be cut down and shapitl to suit his pur- 
poses. It is easily worked, beautiful in texture, and capable of being 
treated with paints, oils, and varnishes in such a way as to preserve 
it and at the same time give it a pleasing appearance. So tnuitabte 
is wood for purposes of interior decoration that now when other 
materials such as sheet metal are substituted fur it on account of 
their greater durability or their suiwriority as fire rcjustants, great 
pains are often taken to make these materials look like wo«m) by the 
skillful us<f of paints and larnishes, and su(?h gfKxl results have been 
obtained along this hne, and the grain of the various kinds of wood 
has been so closely imitatt.'d, that one not accustomed to woodwork 
in a busint^ way can hardly distinguish the real wood from the 
imitation. 

A knowledge of the chonict^'ristics of this material n-hich plays 
so important a part in our lives and which is so plentiful, especially 
in the more recentlj' settled i)arts of the earth, is sure to prove of 
advantage to all, and &uch knowledge is an absolute necessity to the 
carpenter, architect, or other user of wood. 

I'nlike many nf the other materials used in building, wood ha.i 
life and has come into existence by a process known as growth, and 
these two facts have a very imtK>rtJiiit liearing on tlic use of wood 
in constru<-tion, as they affect both its physical characteristics and 
its action after it has been put in place in a building. In order, 
therefore, to be able to make u»e of wood ititclligcntiy, it is necessary 
to know something about its mode of life, its metliod of growth, and 
the way in which it will act after it has been cut away from the tree, 
killed, so far as it is possible to kill it, by seasoning or drj'ing, and 
then netting up in place. All woods are not the same in these respects; 
in fact, no two kind;< of wood are exactly the same in structure, nor 
will they iiehavc in thir same way even under tlie same conditions, 
and this makes it nece»sar>- to select them \'ery carefully for variow 
purposes and for use in various places. 

\Miile it is true timt no two kinds of wixkI are exactly the sainr 
in structure, they still have some things in eummnn. For example, 
ull wood is a vegetable priHluct, and all wood i» built u[i in the same 
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general way out of a very great number of individual parts called 
cells, or fibers, which are like so many tiny pockets filled with a 
fluid substance. The size, shape, and arrangement of these little 
cells is diflferent in diflferent kinds of wood, and this accounts for the 
differences in appearance, texture, and durability. Wood is largely 
composed of carbon, which accounts for the readiness with which it 
takes fire and the heat which it gives oflf when burned. There is 
also a considerable quantity of water, the exact amount depending 
upon whether the wood is seasoned or is still green, and even seasoned 
wood, if it is left lying about in a damp place, will absorb more or 
less moisture from the atmosphere. 

There are two words which are used to describe the wood used 
for building purposes, namely, timber and lumber. Timber is the 
name which can properly be applied to any wood which is suitable 
for structural uses, when the material is in its natural state, before 
it has been cut down and prepared for the market. Lumber is the 
/^ word which should be used to describe the timber after it has been 
cut down and sawed up into pieces ready for use. In practice, the 
word timber is often used to designate the larger beams of a structure 
although these beams are ready for use. We will first consider the 
timber in its natural condition, study its manner of growth, the 
different classes of trees, the defects which are to be found in this 
material and their causes, the way in which timber is converted into 
lumber, and pass on to a consideration of the various kinds of timber, 
studying the characteristics of each both in its natural state and 
after it has been prepared for use. 

TIMBER IN ITS NATURAL STATE 

CLASSES OF TREES 

There are in general four kinds of trees from which timber 
suitable for structural purposes may be obtained, which differ from 
each other in their manner of growth and in the details of their struc- 
ture, as well as in their adaptability to building work, but of these 
only two, the so-called broad-leaved trees and the needle-leaved 
trees, yield timber used in any great quantity for building. The 
other two are suitable for structural work but for one reason or 
another have not been extensively utilized as yet except in the 
immediate neighborhood of the places where they grow. This is 
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especially true of the bamboos, which grow in abundance in China 
and the Philippine Islands and arc there iisetl extensively for building 
purposes, but which have never as yet been introduced into other 
countries, although the wood has certain characteristics which might 
make it very suitable for use in some locations, and the tree could 
pntbably be made to grow in any warm climate such as that of the 
southern states. There is another class of tree of which the palnu 
arc the most well-known representatives, but the use of the lumber 
cut from these trees b very limited. 

Manner of Growth. There is a marked difference between the 
four classes of trees mentiunix) above in reguRl to their manner of 
growth. The palms and bamboos are somewhat similar and are 
known as endogenous trees, ditft- ring from the broud-leaxtil trees and 
tlic conif uts which are known as exogenous 
trees. The endogcns, to which family 
also belong cornstalks and certain kinds 
of grasses, increase from the inside and 
do not Usually have a covering of bark. 
The wood is soft in the (tuUt of the 
trunk and becomes hani toward the out- 
side. The soft interior of the stem some- 
times is found to l>e mi.<<sini; entirely, 
leaving a hollow sort of IuIk-. biit this is 
tnie of the bamboos onl>', the palms 
being solid. The w<jod of these trees is 
eomi>osed of a multitude of cells or pocket-t like that of tiie cx»gcnoi» 
trees, hut the end of a log which has been cut does not show the 
rings whicli we see at the en<l of a lug cut fnim a brood-leaved tree 
or a conifer, l-lg. I. Instead wc see a series of dots of a. darker color 
than tlie gi'nernl surface, tlie difference being due to tlie different 
ways in which the two kinds of trees grow. 

The exogenous trees, to which class l>elong the broad-leaved 
trees and tlie conifers, increase from jTar to year both in height 
and in size of trunk. 'i1ie increase in heigitt and in the length of 
the brandies is the result of a sort of extension prticess which takes 
place at the ends of all tlie small offshooto as well as at the extreme 
end of the main trunk of the tree. A bud is first formed at each 
of these places and s{M.-edily develops into a small Iwig, at flriit quite 
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soft and with a covering of thin skin. In the course of time the 
skin gets harder and darker in color and the woody tissue inside 
gets firmer, while the extension process continues to take place at 
the end. Thus the branch or trunk of the tree becomes each year 
a little longer but any particular point on the branch remains in the 
same position with relation to the ground or to the parent trunk or 
branch. While the lengthening process is going on, another and a 
different kind of growth is taking place. The fluid known as sap 
is continually passing up and down between the roots of the tree and 
the leaves, and each year a new layer of wood is formed on the outside 
of the trunk and branches underneath the bark. Thus a cross 
section of the trunk of an exogenous tree presents a series of rings 
beginning at the center, where there is a small, whitish substance 
called pith, and extending to the outside where there is a covering 
of bark. In Fig. 1, -4 is the pith, B is the woody part of the tree, 
and C is the bark. The arrangement of the wood in concentric 
rings is due to the fact that it was formed gradually, one layer being 
added each year, and for this reason the rings or layers are called 
annual rings. It is interesting to note that the age of the tree may 
usually be determined with a fair degree of accuracy by counting 
the number of layers which appear on the cross section. The width 
of the annual rings varies from one-fiftieth of an inch to one-eighth 
of an inch according to the character of the tree and the position of 
the ring \%ith relation to the center. In general, it may be said that 
the widest rings are to be found nearest the center or pith and that 
they grow regularly narrower as they approach the outside or bark. 
They are also wider at the bottom of the tree than at the top. The 
rings are very seldom circular or regular in form, but follow the 
contour of the tree trunk. 

The wood nearest to the center of the tree where the pith is 
located is considerably harder and denser, as well as darker in color, 
than that which is on the outside nearer the bark. This wood is 
called heartwood to distinguish it from the other and softer wood 
which is called sapwood. The reason why the heartwood is harder 
and denser than the sapwood is that it is older and has been com- 
pressed more and more each year as the tree has increased in size, 
so that the pores have gradually become filled up. The sapwood 
is soft and of a lighter color than the heartwood showing that it has 
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been more recently formed. The time required to transform the 
wood from sapwood to heartwoojid varies from nine to thirty-five 
years, according to the natm« of the tree, and those trees which 
perform this hardening in the shortest time usually yield the most 
durable timber. It is not certainly known whether the change from 
sapwood to heartwood takes place ring by ring and year by year or 
whether sections of the trunk consisting of a number of rings change 
at the same time, but it is probable that the latter process is what 
really takes place, indeed there seems to be evidence to show that 
not even the whole of each ring changes at one time, but that part 
of a ring may remain sapwood after the remainder has become 
heartwood. 

In addition to the annual rings, there are to be seen on the cross 
section of any log other lines which run from the center toward the 
bark at right angles to the annual rings. These are called medullary 
rays. Usually they do not extend to the bark, but alternate with 
others which start at the bark and run in toward the center but 
are lost before they reach the pith. This is shown at E and F in the 
figure. The medullary rays are much more pronounced and the 
structure of the wood is much more complicated in the broad-leaved 
trees than in the conifers, the structure of which is comparatively 
simple with most of the fibers running up and down in the direction 
of the growth of the tree. Thus, the wood of the pines and other 
conifers splits very much more easily than that of the oaks, chestnuts, 
and other broad-leaved trees. 

Medullary rays are sometimes called pith rays and are caused 
by fibers or bundles of fibers which run at right angles to the others. 
It is the pith rays which appear as smooth, shiny spots or blotches 
in woods which have been quarter sawed. This will be explained 
later when dealing with the conversion of timber from its natural 
state into planks and other shapes ready for the market. 

Details of Wood Structure. If a piece of wood were to be 
examined carefully under a microscope it would be seen that it was 
a composite substance, made up of a great number of very small 
fibers, and that these fibers were not solid but were so many little 
tubes or cells arranged together in a more or less complicated manner 
according to the kind of wood. Thus a piece cut from one of the 
needle-leaved trees would be seen to be much more simple and regular 
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in arrangement than a piece cut from one of the broad-leaved trees. 
Both kinds of wood are composed of bundles of these fibers or tubes 
running parallel to the stem of the tree which are crossed by other 
fibers running at right angles to the first ones and binding the whole 
tt^ther. The cross fibers are much more numerous in the wood of 
the broad-ieaved trees than in that of the conifers, and it is these 
fibers which appear on the cross section of a log as pith rays. There 
are also to be seen through the microscope a few resin ducts and 
other special fibers scattered through the wood. It is said that in 
pi»e more than 15,000 fibers occur on a square inch of section so 
that each one is very small and they can not be dbtinguished without 
the aid of a powerful microscope. The general arrangement is 
shown in Fig. 2, in which AA are the fibers parallel to the trunk 
of the tree and BB are the cross fibers. It will be noticed in this 

figure that the more numerous the cross fibers, 

the more thoroughly the wood will be tied to- 
gether, and the harder and tougher it vill be; also 
that it will split much more readily if there are 
a few cross fibers than it will if there are many. 
Thus the most important characteristics of tim- 
ber are directly dependent on the structure of 

the wood. Fig 2. Diagram ol 

Grain. The arrangement of the fibers which '" MaKniiicd' 

go to make up a piece of timber gi\e to it certain 
characteristics which are described as different conditions of the 
"grain" of the wood, the word "grain" being used as a substitute 
for the word fiber. Thus "across the grain," means at right 
angles to the general direction of the fibers; "along the grain," 
means parallel to the direction of the fibers. In like manner 
woods are said to be "fine grained," "coarse grainctl," "cross 
grained," or "straight grained," these terms Ix'ing used to indi- 
cate the relation of the fibers to each other and to the general 
direction of the growth of the tree. The wood is said to be fine 
grained when the annual rings are relatively narn>w so as to show 
a large number of fine lines on a cross section of the log, and it is 
said to be coarse grained when the rings are wider so as to show a 
smaller number of coarser lines on the cross section of the log. Woods 
which are fine grained are generally harder and denser than those 
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which are coarse grained and they can be made to take a high polish, 
while with the others, as a rule, this is not possible. Fine-grmned 
woods are also said to be close grained. When the fibers are straight 
and parallel to the direction of the trunk of the tree, the wood is 
said to be straight grained, but if they are twisted so as to be spiral 
in form, not growing straight but following around the tnmk of the 
tree, the wood is said to be cross grained. In Fig. 3, are shown 
three pieces of timber of which A is ahsolidely cross grained, B is 
■partially cross grained, and C is straight grained. As examples, it 
may be mentioned that hemlock is coarse grained and usually 
cross gramed whde white pine is close grained, although soft, 
and IS usually straight grained. 
I Most of the hard woods are fine 
gramed 

Defects in Wood. The fact 
that timber is not a manufactured 
matenal like iron or cement but 
lb a natural product wliich has 
been formed by years of growth 
FiK 3, Blocks .showiim CrcMB GraLned, iH the opeo whcre it has been all 
nt IS y Q^jjj^j'^^" '"* the wJiile exposed to various ad- 

verse conditions of wind and 
weather, make it peculiarly liable to defects of different kinds, most of 
which can not be corrected and which render much of it unsuitable for 
use in construction. Moreover timber is not homogeneous like iron 
and steel products, in other words, it can not be safely assumed that 
several pieces of timber, even if they are cut from the same log, wiU 
have simitar characteristics or will act in nearly the same way under 
the same conditions. Each piece of timber must be judged by 
itself and must be subjected to a very careful inspection if it is to be 
used in an important position with satisfactory results. Such 
inspection will often reveal some hidden weakness or blemish which 
is sufficient to warrant the rejection of the piece as not good enough 
for the particular purpose for which it is intended, and such weaknesses 
or blemishes are known as defects. 

Most of the defects which render timber unsuitable for building 
purposes are due to irregularities in tlie growth of the tree from 
which the timber has been taken. These defects are known by 
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various names as "heartshakes," "windshakes," "starshakes," and 
"knots." Other defects are due to deterioration of the timber after 
it has been in place for some time or even before the tree has been 
felled, among which are "dry rot" and "wet rot." The defects of 
the first class are defects of structure; 
those of the second class are defects of 
the material itself. It may also be said 
that the defects of the first class are per 
manent and are definitely defined being 
caused by outside forces or conditions 
thus the timber affected can be cut out 
and discarded leaving the rest of the piece 
perfectly sound and good, as the defect 
does not influence the timber near to it 
and does not spread. On the other hand *"■*• * 
the defects of the second class are in the 

nature of a disease which spreads from one part of a piece of timber 
to another and can even be carried from one piece of timber to an- 
other by contact. 

Heartshake. As indicated by the name, heartshake is a defect 
which shows itself at the heart of the tree in the center of the trunk. 
The appearance of a crtss section of a log affected by heartshake 
is shown in Fig. 4. There is first a small 
ca\ity at the center caused by decay, and 
flaws or cracks extend from this cavity 
outward toward the bark. The heart- 
shake is most often found in those trees 
which are old, rather than in young, vig- 
orous saplings; it is especially to be feared 
in hemlock timber. 

Windahake. The defect known as a 
windshake is so-called on account of 
the belief that it is caused by the rack- ' 
ing and wrenching to which the growing 
tree is subjected by high winds. It is also claimed that it is 
produced by the expansion of the sapwood which causes a sep- 
aration of the annual rings from each other, thus leaving a hollow 
space in the body of the trunk and following around between two 
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of tlie Annual rings. Fig. o shows the appearance of a wind^vhake 
on the cross section of a log, and this appearance has given ns<.- to 
the term citpthake which is sometimes used instead of windahake. 
The hollow space may extend for a considerable distance up the 
trunk of the tree. Windshakes are very frequently found in pine 
timber. 

Slarxhiike. A starsliake b not readily distinguished from a 
heartshake, as the appearance of a log of wood affected by tmc is 
ver)' similar to that of a log affected by the other, but the difference 
between the two is that while the center of a log affected by a heart- 
shake is decayed so as to leave a largt* round caNit.^' at thi-s point, a 
log affected by a starshake shows no such decay at the center, but 
the cracks forming the star extend right across the cross s(vti»)n of 
the log, becoming nider as they approach the center and narrating 
down to nothing near ttie bark, while all of the wood has tlie appear- 
ance of bdng sound. 

Dry lUit. Tile defects which have been mentioned above 
are all of such a kind that they can be readily detected in the 
timber befon- it has )}wn put in position in a structure, aod, 
therefore, the nae of the timl>er so alTecte<i may be 8Voi<led, but 
dry rot, while it h probably the most common and the most 
dangerous defect of tlieiri all, may start and spread rapidly in 
timber which appears to be absolutely sound when it is put in 
place. Dry rot is a disea.se which fa.->tens itself upon the wood 
and spreads from one part of it to another, causing it to low its 
strength and cohesive jxjwer and even to decay altogetlier. It 
may be readily seen that this process can lead to most serious 
resulct when it takes place in timber which is de[>endnl u[>oii to 
carr>' hea\'y loads. Large beams and posts have b«^^'n known to 
fail and thereby cau.>te considerable damage solely liecause of 
dr>' rot, and otliers have been so weakened bj- the ravages of tlu> 
di.sea.-ie that they have yielded when subjected to sliglit fires 
which would have had very little effift u|X)n them if they luid been 
sound. 

The timber in which drj* rot is most to be feared in that which 
is kept alternately wet and dry, while that which is always dther 
nilinrly Hiibniergiii in water or absolutely dr>* apjKwrs to be able to 
lut itidcfinitely without a sign of Uic disease. For tlib reo-wn wood 
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piles should always be cut off below the water level. Decay takes 
place very rapidly when the wood is in a confined position where 
the gases can not escape. The ends of beams buried in brickwork 
and the ends of posts fitting into iron caps and bases are examples 
of such cases, and special precautions should be taken to allow the 
air to circulate freely around such woodwork wherever this is pos- 
sible. Woodwork which is in contact with wet or damp materials, 
such as wet concrete or masonry in which the mortar has not dried 
out thoroughly, is peculiarly liable to dry rot. Wood flooring laid on 
top of newly-placed concrete slabs and immediately covered with 
some other substance has been known to rot very quickly. It is 
also noticeable that this form of decay seems to be hastened by 
warmth and is more common in the southern climates than in the 
northern. It may be prevented by introducing into the timber 
certain salts such as the salts of mercury, also by heating the wood 
to a temperature above 150^ F. and keeping it at that temperature. 
As precautionary measmres, all wood should be thoroughly seasoned 
before being painted, as good ventilation as possible should be pro- 
vided for it, and it should be kept from contact with anything from 
which it can absorb moisture. Posts should have a hole about one 
and one-half inches in diameter bored through them, from end to 
end, and other holes near each end bored through them crosswise, 
so as to provide for the free circulation of air in the interior of 
the post. 

Wet Rot, There is another form of decay which affects wood 
in a manner somewhat similar to dry rot, but which takes place in 
the growing tree. It is known as "wet rot" and is caused by the 
wood becoming saturated with water which it may absorb from a 
swamp or bog. Wet rot may be readily communicated from one 
piece of wood to another by contact so that it is apt to spread 
rapidly. 

Knots. Knots are more or less common in all timber, and 
consist of small pieces of dead wood which occupy a place in the 
body of the log with sound wood all around them. These bits of 
dead wood have no connection with the living wood about them, so 
that in the course of time they work loose, and when the log is sawed 
up into boards the pieces of dead wood fall out leaving round or 
irregular-shaped holes. Knots are formed at the juncture of the 
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main tr^ trunk with brsDciies or limbs, vfaile sodb bnncbes are 
ftill y^j^KiZ and greien. At sudi points the fibers ot the main trunk, 
near th^^ pU4% where the branch comes in. do not foUow straight 
ak^;? up the trunk, but are turned aside so as to follow akmg the 
branch a* shown in Fig. 6. Frequently such a branch b broken ofF 
near the trunk of the tree when it is still young, while the tree itself 
cr^itintje« to grow and the trunk increases in ^e until the end of 
the branch which was left buried in the main tnmk is entirely covered 
up. Meanwhile the end of the branch dies and a knot is formed. 
TTie prerfrnce of a limited number of knots uiill not harm a piece 
of tirnU-r which b subjected to a compressive stress so long as they 
remain in place and do not drop out. but they verj- greatly weaken 

a piece subjectetl to a tension >tress or used as 
a beam. Knots always spoil the appearance of 
wfxjdwork which is to be pi>lbhed. 

The defects heretofore considered result from 
the natural pro^ih of the tree and are not at- 
tributable to the handling of the timber after 
it has l>een cut, but there are several classes of 
defects which are caused by the seasoning of the 
tiniU'r and which have little or nothing to do 
with the ^nnvth of the trtr, Anumg these are* 
the actions known as "warpinir and "check- 

Warping. This is the rt*sult of the evapi>ra- 
tion or drying out of the water which is held in 
^'.n.uv;"7;"K;::"' the (vW walls of the wtRHl in its iiatund state, and 

the >hrinka^^e which naturally follows. If wood 
were jM-rfrrtly n^nilar in >tnutun'. so that the >hrinkage could 
Ih* tin* SHIM* in rvrry part, then* woultl Ik* no warping, but wood b 
niadr up of a iar^c lunnlMT «»f fihrr^. the walls of which are of dif- 
fcHMit thi(knr>M-s in ditfcn-nt part> of the tree or log, so that in 
drying one part -hrinks much more than anotluT. Since the woixl 
filHTr> an* in clo^* (n>ntact with each other and interlac^etl, thus 
making the pirce of w<km| rigid, one part can not shrink or swell 
without changing the >\\d]H* of the whole pieiv, bi.\*ause the piece 
as a wholr nni^t adjust itself to the new conditions; consequently 
the timlHT war[)s. 
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In Fig. 7, if the fibers in the lower portion of the piece near the 
lace CDG happen to have, on the average, thiclter walla than tboae 
in the upper portion, near the 
face A BFE, the lower part will 
shrink more than the upper 
part. The distance CD, orig- 
inally equal to the distance 
AB, becomes smaller and the 
shape of the whole piece 
changes as shown in Fig. 8. 

The only way in which 
warping can he prevented is 
to have the timber thoroughly 
dried out before it is used, as 
after it is once thoroughly 
seasoned it will not warp unless it is allowed to absorb more mois- 
ture. All wood which is to be used for fine work, where any 
warping after it is in place will spoil the appearance of the entire job, 
must be so seasoned, either in the open wr or in a specially pre- 
pared kiln. 

The wood of the conifers which is very regular in its structure 
shrinks more evenly and warps less than does the wood of the broad- 
leaved trees with its more complex and irregular structure. Sap- 
wood, also, as a rule shrinks more than does heartwood. 

Checks. Another defect 
which is caused by the drying 
out of the timber and the con- 
sequent shrinkage of the cell 
walls is what is known as 
checking. In any log of wood 
there is always opportunity for 
shrinkage in two directions, 
along the radial lines following 
the direction of the medullary 
rays, and around the drcum- 
ference of the log following the direction of the annual rings. If the 
wood shrinks in both directions at the same rate, the result will be 
only a decrease in the volume of the log, but if it shrinks more rapidly 
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around the circumference of the log than nlong the radial lines, tlic 
log must develop cracks around the outside as shown in Fip. 9. 
Such cracks are called checks, in timber which has been prepared 
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for thf market they show themselves in the form of cracks which 
extend along the faces of soHd squared timl>ers and l>oanls, scriouiil>' 
Impairint; tlieir strength. Fig. 10 shows checks as Uiey would appear 
in a square post or mluinn. 

Conversion of Timber into Lumber. Lumlier may be found In 
lumber yunis in certain shapes ready fur use, having Iieen cut from 
the logs and relieved of their outside covering of bark. The cutting 
up of the logs is done in the mills by machinery and there are various 
metho<ls in use for transforming the logs into Itoards, planks, and 
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heavy timlvers. The method of cutting the log dctrrminca the 

appearance of the wood when finished and also affects it in other ways. 

U the log 13 to be squared off so as to form only one heavy beam 

or post, a good rule to follow ia to divide the diameter into three 
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equal parts and then to draw perpendiculars to tfab diainet» at the 
divi^on points one on each side of the center, as shown at A and B 
in Fig. II. The points C and D in which these perpendiculars to 
the diameter cut the circumference of the log, together with the 
points E and F in which the diameter cuts the circumference of the 
log, will be the four comers of the timber. The lines joining these 
points will give an outline of the timber, which will be rectangular 
and will be found to be the largest and best timber which can be 
cut from the log. Another good rule is to divide the diameter of the 
log into four equal parts and to proceed in the same way as described 
above, using the outside quarter points from which to draw the 
perpendiculars as shown in I^g. 12. Tbb method will give the 
outlines of a stiiTer beam than the one described above, but ^ere 
n-ill be more waste from the log and the 
beam nill not be on the whole oa strong 
as the other. 

In Fig. 13 are shown several different 
meUiods of cutting planks from a log. 
First it is di\'ided into quarters, and the 
planks are cut out as shown in the figure, 
there being four ways in which the work 
may be done. All of the four methods 
shown may be said to give what is called f« ip w*^'^ otcuttmH 
quarter-sawed lumber since the log is first 

cut into quarters, but that shown at A is the best AH of the planks 
are cut radiating from the center of the log and there w ill be no spht- 
ting or warping, but the method is very expensive, as all of the planks 
have to be squared up afterward and there is much waste as a result. 
A fairly good method is that shown at B where the phinks are nearly 
along radial lines and may be much more easilj- and cheaply cut 
out than can those shown at A. The method shown at C is a com- 
mon one and leads to fairly good results, although only the plank 
nearest the center is on a radial line. It is practically as good a 
method as that shown at B and is much more simple. The method 
shown at Z) is not so good as the others, as planks cut out in this 
way are very liable to warp and twist. If the silver grain, caused 
by cutting of the medullary rays is desired, the planks must be cut 
as shown at A, B, or C. 
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Plankii are sometimes simply sliced from the log as shoTn in 
Fig. 14, without first dividing it into quarters, but this is the worst 
possible way of cutting them, as the natural tendency of the timber 
to slirink causes the planks to cur) up as 
sliown in Fig. 15. It is almost impossible 
to 6atten them out agaio, and they can 
not be used in that condition. 

There is another method of cutting up 
a log which has been introduced more 
recently than the others, and which is 
known as the "rotarj- cut." It consists 
in placing the log on a movable cftrnage 
which keeps it whirling rapidly about ita 
mgitudinol axis, at the same time bring- 
ing it up against a long stationary knife which catches the log and 
peels off strips around the circumference of any desired tiuckntso. 
This metliod is used extensively in the preparation of wood to be 
U3e<l as veneers, and in the case of many kinds of wood the figure id 
brought out to better advantage in tliis way than is possible with 
any other method, 

ll'atuT/ Luniher. WTien a log of wood has been snwed up into 

Imanls, each hoard is apt to have along the edge a strip of the bark 

which was originally on the outside of the l<ig, and the edgi^ will 

not be square with the face of the board, owing to the c)'lindricat 

shape of tlie log. Such boards sliould l>e stjuared up by having tiie 

rough edges to which the bark adheres trimmed off. But sometimes 

the bark alone is stripped off, leaving tlie bi>ards with the edges 

not square with the face. Such hoards are said to be waney, and 

vYry often specifications state that no waney luiiilier shall be 

employed on the work. The pieces whidi 

are cut off when waney Ixuirds arr 

trimmed in order to square them up 

vvt '^.J"'-^'i '^^ O"— »«■' called "edging" ftod are used to make 

laths. 

Slaba. The pieces known as slabs are those whic^ arc left over 

after a log ha» been sawed up into boards. In cross section they air 

of the shape of n half moon, and arc covcrtxl with bark, Tlicyare 

useless except for laths or fuel. 
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VARIETIES OP TIMBER 

Although there are a great many different kinds of trees growing 
in different parts of the world, only a comparatively small number 
of them yield wood which is used to any great extent in building 
work. These differ very much among themselves, each variety 
possessing certain characteristics which render it especially suitable 
for use in one part of a building, while the same peculiarities of 
growth or of texture may make it unfit for use in another. 

For use in places where the timber must be partly buried in 
the ground a wood is required which will be able to withstand the 
deteriorating effects of contact with the earth, and for this purpose 
chestnut, white cedar, cypress, redwood, or locust may be used. 

For light framing is needed a cheap, light wood, as free as 
possible from structural defects, such as knots and shakes, and one 
wliich can be readily obtained in fairly long, straight pieces. Spruce, 
yellow pine, white pine, and hemlock all satisfy these requirements 
fairly well, spruce being perhaps a little better than the others, and 
more popular. 

For heavy framing, such as trusses, girders, and posts, a 
timber is needed which is strong, and which can be obtained in 
large, long pieces. (Jeorgia pine, Oregon pine, and white oak may 
all be used for such work, and also Norway pine and Canadian 
red pine. White oak is the timber which was always used for 
framing in the old days, but is too expensive to be used with profit 
for such work now. The timber most commonly used today is the 
Georgia pine. 

A wood which can be easily worked and which will also be 
able to withstand the deteriorating effects of the weather is in demand 
for the outside finish. White pine is usually selected for this purpose, 
although cypress and redwood are also suitable and are used to 
some extent. The same woods are used for shingles, clapboards, 
and siding, with the addition of cedar and spruce for shingles, and 
Oregon pine and spruce for siding. 

For the interior finish is chosen a wood which will give a pleasing 
appearance when finished and which will take a high polish, while 
for floors, hardness, and resistance to wear are the additional require- 
ments. For floors, oak, hard pine, maple, and birch are good, while 
for the remainder of the interior finish white pine, cypress, and red- 
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wood for painting, or any of the hard woods such as ash, cherrj-, 
oak, wahiut, or mahogany, may be selected. 

Some of the more important varieties of timber lised in Car- 
pentry will now be mentioned, and a brief description of eaeh variety 
will be given in order to convey an idea of their chanicteristics auJ 
the part of the world from wliich thej' come. 

Conifers or Needle-Leaved Trees. These trees are found 
mostly in the North, where they form large forests from which are 
taken the large quantities of timber of Uiis kind u.scd every year. 
The wood is very popular for use in rough building construetion 
or for finished work whlcli is to be painted, as it is very regular iit 
structure and consequently easy to work; it can be obtained in large, 
long, straight pieces, and is light and strong. Tlie demand for 
woods of this kind is considerably in excess of the demand for the 
harder woods. The trees are mostly but not all evergreen, and 
bear needles instead of leaves, together willi the cones, from which 
they are called conifers. 

Cedar. The wood known as cedar has long been used in con- 
struction, as is illustrated by the references in the Bible to the "Cedars 
of Lebanon" from which the Temple of Solomon was constructed. 
The wood in use at tlie present day called cedar is, of course, not of 
e3tactly the same species as was that used in the famous temple, 
but it is of the same family and possesses the same general character- 
istics. Tlicre arc two kinds, the red cedar, and the white cedar, 
which differ from each other principally in color, the white cedar 
being graybh brown, while the red cedar is rctidish bro«Ti. 

There are several dilferent kinds of white cednr in use, of whidi 
one is known as the canoe cedar. The wood is not very strong, 
but is light and soft, possessing considerable stiffness and a fine 
texture. In color it is as mentioned above, graxnsb brown, the 
sapwood being, however, of a lighu-r color than the heartwood. It 
seasons quiclyly, is remarkably durable, and does not shrink or check 
(o any great extent- The wood Is used in building construction, 
priiidpally for shingles, for which purpose its durability incxposwl 
positions makes it espeL-ially \-aluiblc. It is also used for posts 
and tiesi. 

I'he trees are usuall>' scattered among others of different I 
farming occadonally, however, forests of considerable size. 
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to be found all through the northern part of the United States and in 
Canada, also on the Padfie Coast in California, Oregon, and Wash- 
ington. They also grow to some extent in the southern states. 
Some of the trees are of small or medium size, while others are very 
large, especially the canoe cedar of the Northwest. 

In addition to the white cedars, there are the red cedars, which 
are similar to the white cedars but differ from them slightly in 
the color of the wood, which is reddish brown instead of grayish 
brown. The red cedars are also of somewhat finer texture than 
the white cedars. Red cedar is used but little in building con- 
struction, but is used extensively in cabinet work for chests and 
closets which this wood is supposed to render proof against moths. 
The wood is also used for the making of lead pencils and for cigar 
boxes, large quantities of timber being used for these purposes 
every year. i 

Cedar trees are sometimes subject to a disease similar to wet 
rot, which attacks the growing tree. This disease does not, how- 
ever, render them unfit for use in every case, as the disease often 
disappears as soon as the tree has been cut down, and trees have 
been known to yield timber which has endured for long periods, 
although the living tree itself was diseased. 

Redwood, There is a wood which greatly resembles good red 
cedar and which is found only in the State of California. One 
species of this tree grows to an enormous size and is famous on this 
accoimt, but this is not the one which yields the lumber used for 
building purposes, which is known as the common redwood. The 
wood is used for cheap interior finish and for shingles, also for use 
in heavy construction, thus serving nearly the same purposes as 
does hard pine in the eastern states. Redwood is light, and not 
very strong, but on the other hand, it is remarkably durable, resisting 
fire to a considerable extent. It is easy to work and will take a 
polish so that it is valuable for inside finish, and some of the wood 
has a wavy grain which adds greatly to its finished appearance. 
This wood is known as "curly" redwood. In color the heartwood is 
red, but the sapwood is nearly white, with the wood between them 
varj-ing in color and averaging a rich reddish brown. The grain is 
usually straight and the wood is solid and dense in structure but 
the grain is more or less coarse in appearance. 
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CypK9s. This is a wood which is somewhat stmilar to white 
cedar in appearance, and which gran's in quantities only in the 
southern states, where it may be seen in great swamps with the 
roots very often partially exposed. Although there are a great 
many varieties, they are similar in their general characteristics, 
differing only in quality. "Gulf Cypress,"' growing near the Gulf 
of Mexico, is the best. "Bald Cj-press," is a name which has been 
applied to these trees on account of the fact that they show no leaves 
in winter and this gives tliem a i)eculiar appearance. \Mien the wood 
b dark in color it is called "Black Ci-press," and in some locuUties 
yellow and red cypress are spoken of. The growing trees are often 
affected by a disease which leaves the w(kx1 full of small holes which 
look as though tliey might have been niaile by dri\iiig pegs into 
the wood and then withdrawing them. Cypress wood affected in 
this way is called "peggy." 

Hemlock. There are two varieties of hemlock, one found in 
the northern states, from Maine to Minnesota, and along the All^ 
ghenies southward to Georgia and Alabama, while the other is found 
in the west from Washington to Califurniu and eastward to Montana. 
The eastern tree is smaller than the western and its wood b lighter, 
softer, and generally inferior. The trees are evergreen- and bc«r 
cones, with flat, blunt needles, and they usually grow alone or m 
smail groups in tlic midst of forests of other trees. 

The timber Is of a light, reddish-gray color, fairly durable, 
but shrinks and checks badly, and is coarse, brittle, ami usually 
cross grained. It is hard to work but will bold nails very weU. 
The wood is sometimes used for cheap framing, and has been iwed 
for cheap interior finish, but it is so liable to imperfections, such aa 
windshakes and starshakes, that it is nut the Ix^t wood to use fof 
these purposes, althouKb tlie Increasing cost of the better wixida wiD 
no doubt force It into more genenil use. Fleinlock is most frequently 
used for rough boarding and sheathing. 

Spruce. Another evcrgrwn and cone-bearing trw which lur- 
nbhcs great quantities of lumber to the market every year b the 
qiruce. There are thrc« kinds of spruce, irhilt. bUtck, and rtd, of 
which the white spruce and the ted .tpruce are the varieties eoro- 
nuinly fouml on the market. Tlie white spruce is scattered through- 
out aU of the northeru states, along tlie streams and lakes, the largest 
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varieties being found in Montana. The black spruce is found in 
Canada and in some of the northern states. It is distinguished 
from the other varieties by its leaves and bark only, the foliage 
being much darker in color than that of the white spruce, while 
the cones remain in place for several years, a much Fonger time than 
do those of the white spruce. The red spruce is sometimes known 
as Newfoundland red pine and is found in the northeastern part of 
North America. It is used very extensively in northern New Eng- 
land where it serves as a substitute for soft pine, and large quantities 
of it are used up every year for pulp wood. 

The leaves of the spruce are single and have sharp points at 
the ends. They are short and four-sided and are arranged on the 
stem so as to point in all directions. The cones hang downward, 
while those of the fir trees point upward. 

Spruce trees have many natural enemies and numbers of the 
trees are destroyed before they reach the market. Large quantities 
of fallen tree trunks are to be found in the forests, blown down by 
the wind alone during heavy wind storms, or so weakened by the 
ravages of insects that they have fallen from their own weight. 
There is -a beetle which attacks these trees especially, and which 
causes great damage, while very often the same trees are attacked 
by various kinds of fungous growths. 

Spruce timber is of a light color, very nearly white except the 
heartwood which has a reddish tinge. It is very dense and compact 
in structiure and straight grained. The wood is light and soft, fairly 
strong for a soft wood, but not very durable when exposed. It is 
very resonant and is frequently used for sounding boards on this 
account. It can not be obtained in large sizes, but it is considered 
by many to be the best framing timber available, except the pines. 

Pine. This is the timber which has been used in building con- 
struction to a greater extent than any other except perhaps oak. 
It is pecidiarly fitted for the purpose as it has grown in great abund- 
ance all over the United States and possesses all of the most desirable 
characteristics of a good building material, being strong, but at the 
same time light in weight and easily worked, elastic, and very dur- 
able. The tree is almost always a large one with branches starting 
at a considerable distance from the ground. It has a smooth, straight 
trunk, evergreen, needle-shaped leaves, of varying length, and cones. 
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There are two distinct classes of pines used in building work, 
the soft and the hard pines, both of which are found in large quanti- 
ties. The softer varieties are used for outside finish of all sorts, 
and the harder varieties for heavy framing and for flooring. The 
ease with which the soft-pine lumber can be cut and shipped to the 
market, makes it the most popular wood in use at the present time. 
It is of uniform texture and nails without spUtting, seasons very 
well, and does not shrink so much as the harder pines, will take 
paint and is very durable. The wood is white in color, straight 
grained, and has few knots. The hard pines furnish the strongest 
timber in use for building, with the exception of oak, which is now 
almost too expensive to be used for heavy framing. The pieces can 
be obtained in large sizes and great lengths and the wood is very 
hard, heavy, and durable, at the same time being tough. In color 
it is yellow or orange, the sapwood being of lighter color than the 
heartwood. 

There are many different kinds of pines, which are recognized 
in different parts of the country under various names, but there are 
five general classes into which the species is commonly divided, 
though the same timber may be called by different names in two 
different localities, as will be seen. 

(1) The term 'liard pine" is used to designate any pine which 
is not white pine, a classification which is very general, though it 
is often seen in works on Carpentry and in specifications. 

(2) "White pine," "soft pine," and "pumpkin pine," are 
terms which are used in the eastern states for the timber from the 
white-pine tree, while on the Pacific Coast the same terms refer to 
the wood of the sugar pine. 

(3) The name "yellow pine," when used in the northeastern 
part of the country, applies almost always to the pitch pine or to 
one of the southern pines, but in the West it refers to the bull pine. 

(4) "Georgia pine" or "longleaf yellow pine," is a term used 
to distinguish the southern hard pine which grows in the coast region 
from North Carolina to Texas, and which furnishes the strongest 
pine lumber on the market. 

(5) "Pitch pine" may refer to any of the southern pines, or to 
pitch pine proper, which is found along the coast from New York 
to Georgia and among the mountains of Kentucky. 
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Of the soft pines there are two kinds, the white pine and the 
sugar pine, the latter being a western tree found in Oregon and 
California, while the former is found in all the northern states from 
Maine to Minnesota. There is also a smaller species of white pine 
foimd along the Rocky Mountain slopes from Montana to New 
Mexico. 

There are ten different varieties of hard pine, of which, however, 
only five are of practical importance in the building industry. These 
are the "long-leaf southern pine," the "short-leaf southern pine,'* 
the "yellow pine," the "loblolly pine," and the "Norway pine." 

The long-leaf pine, also known as the "Georgia pine" and the 
'long straw pine," is a large tree which forms extensive forests in 
the coast region from North Carolina to Texas. It yields very 
hard, strong timber, which can be obtained in long, straight pieces 
of very large size. 

The loblolly pine is also a large tree but has more sapwood 
than the long-leaf pine, and is coarser, lighter, and softer. It is 
the common lumber pine from Virginia to South Carolina, and is 
found as well in Texas and Arkansas. It is known also by the names 
of "slash pine," "old field pine," "rosemary pine," "sap pine," and 
"short straw pine," and in the West as "Texas pine." 

The short-leaf pine is much like the loblolly pine and is the 
chief lumber tree of Missouri and Arkansas. It is also found in 
North Carolina and Texas. 

The Norway pine is a Northern tree found in Canada and the 
northern states. It never forms forests, but is scattered among other 
trees, and forms small groves. The wood is fine grained and of a 
white color but is largely sapwood and is not durable. 

Fir. The fir tree yields timber very similar to spruce, and 
is often mixed in with spruce in the market. There are two kinds 
of fir trees, the western fir tree and the eastern fir tree, the first 
being known as the silver fir and the other as the balsam fir. All 
of the firs are evergreen, and bear cones which stand erect instead 
of hanging down. The wood is soft and not strong, being of a much 
coarser quality than ordinary spruce. It can be used in building 
work only for the roughest work in the case of the eastern fir, while 
the western fir is used more extensively but is not as good as spruce. 

Tamarack. This is a wood which is very much like spruce in 
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structure, but is hard and very strong, resembling hard pine in this 
respect. The tree grows in the northern part of the United States 
and Canada, both in the East and in the West, and also in Europe. 
Its true name is larch, but it has come to be known as tamarack, 
tamarack pine, and hackmatack. In the East the tree grows in wet 
places called tamarack swamps, but the tree in the West and in 
Europe thrives best in dryer soil, and grows more quickly under 
these conditions than in a swamp. The wood is used mostly for 
long straight timbers such as posts, poles, and quite extensively for 
piles. It has also been used a great deal for railroad ties. It is 
supposed to be very durable, and is well suited for use as ties or as 
piles, but it can not always be obtained now. It has never been 
used to any extent as sawn lumber, because the demand for the 
trunks for use as posts and poles has been so great that it did not 
pay to saw them up. 

Broad-Leaved Trees. Ash. Ash is a wood which is frequently 
employed for interior finishing in public buildings, such as school 
houses, churches, and so forth, and also in the cheaper classes of 
dwelling houses. It is one of the cheapest of hard woods, and is 
used when it is desired to have a hard-wood finish and when the 
more expensive kinds of hard wood, such as oak, can not be afforded. 
The wood is somewhat like oak in texture and appearance, the 
difference being that ash is coarser, and the pith rays do not show. 
It is strong, straight grained, and tough, comparatively easy to 
work, elastic, and fairly durable. It shrinks moderately, seasons 
with little injury, ajid will take a good polish. The trees do not 
grow together in forests, but are scattered. They grow rapidly, 
and attain only medium height. Of the six different species found 
in the United States, only two, the "white ash," and the "black 
ash," are used extensively in building work. The first is most 
common in the basin of the Ohio River, but is also found in the 
North from Maine to Minnesota, and in the South, in Texas. The 
black ash is found from Maine to Minnesota, and southward to 
Virginia and Arkansas. There is very little difference between the 
two species. The black ash is also known as the "hoop ash," and 
the * 'ground ash." 

Beech. This wood is not used to any great extent in Carpentry 
except in Europe, but is made up into tool handles, shoe lasts, and 
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so forth, and is also used in wagon making and ship building. The 
tree grows freely in the eastern part of the United States and Canada 
and also in Europe. There are a number of different species and 
the tree is sometimes called by other names such as ''ironwood," and 
"hom-beam." The wood is used for building work in the United 
States only occasionally for inside finish and is not a popular wood. 
It is heavy, hard, and strong, but of coarse texture like the ash. In 
color it is light brown, or white. It shrinks and checks during the 
process of drying out, and is not durable when placed in contact 
with the ground. It works fairly well, stands well, and will take 
a good polish. 

Birch, Birch is a very handsome wood of a brown or red color 
and with a satiny luster. There are two kinds, the red birch and 
the white birch, but they are both taken from the same kind of tree, 
the difference being that the red birch consists of more and older 
heartwood, while the white birch is the sapwood or the younger 
heartwood. The trees are of medium size and form large forests. 
They are foimd throughout the eastern part of the United States 
and Canada, and in the extreme north. The distinguishing feature 
of the tree is the bark, which is famous because of its beauty and 
its usefulness for a number of purposes. This bark is white in color 
with long dashes of a darker color running around the tree trunk 
in a horizontal direction. It is water-tight and pliable, which made 
it useful to the Indians for the covering of their canoes. It was also 
used in ancient times, before the manufacture of paper, as a material 
to write upon. The bark has been used for a number of other pur- 
poses. The wood is used quite extensively for inside finish and 
fioors, and to imitate cherry and mahogany, as it has a grain which 
is very similar to the grain of these woods. It takes a good polish, 
works easily, and does not warp after it is in place, but it is not 
durable when exposed to the weather. 

Buttermd. Butternut is really a branch of the family of wal- 
nuts, and differs from them only slightly. The wood is used to 
some extent for inside finish, and is cheaper than most of the other 
hard woods. It is light, but not strong, and is fairly soft. In color 
it is light brown. The trees, of medium size, are found in the eastern 
states from Maine to Georgia. 

Cherry. Cherry is a wood which is frequently used as a finishing 
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wood for the interior of dwellings and of cars and steamers, but. 
owing to the fact that it can be obtained only in narrow boarda, it 
is most suitable for molded work, and work which is much cut up. 
The wood is lieav>-, hard, strong, and of fine texture. The heartwood 
is of a reddish brown color, while the sapwood is yellowiah white. 
It is verj- handsome and takes a good polish, works easily, and stands 
well. It shrinks considerably, however, in drying. The timber b 
cut from the wild black cherry tree, not from the cultivated cherry 
tree. This tree is of medium size, and is found scattered among 
the other broad-leaved trees along the western slopes of the Alle- 
ghenies, and as far west as Texas, The fruit of the wild cherry 
is of a dark purple color, about the size of a large pea. When ripe 
it tastes slightly bitter. The bark of the tree also tastes bitter. 
Cherrj' b often stained to resemble mahogany, and sometimes birch 
is stained to resemble cherry, 

ChrMnut. The grain of chestnut somewhat rt^scmbles oak but 
it is much softer and coarser in texture and does not show the 
medullary ra,^'s which form the distinguishing feature of oak. Chest- 
nut is used for cabinet work, for interior finishing, and sometimes 
for heavy construction. It is light, fairly soft, but not strong. The 
wood has a ratlier coarse texture, works ea.'iity and stands well, but 
sIu-Luks and checks in drj-ing. It b ver>' durable and can be aafel)' 
used in exposed positions. The tree grows in the region of the 
Alleghenies, from Maine to Michigan, and southward to /Vlabama. 
The wood is dark brown in color, witli the sapwood a little lighter. 

Elm. There are five species of dm trees in tlie United States, 
scattered tlm)ughout tlie oa.'^tern and cfiitral states. The trees are 
u^sually large and of rapid growtli. and do not form forests. The 
timber is hard and tough, frequently cross-grained, hani to work, 
and shrinks and checks in drying. Tlic wood has not been used 
very extensively in building, but has a l)eaiitiful figunxi grain, can 
take a high polish, and is well adapted to staining. Tlie tearture is 
coarse to fine, and the color is lm>»n with shado-i of gray and red. 

Gum. The wood of the gum tree has been used extcnaivdy 
for cabinet work, furniture, ami interior finish. It is of fine texture 
and hnnd.'wme appearance, heavy, fairly soft, yet strong. Its color 
is redflLsh brown, llie wood warjw and checks badly, is not durable 
when expoQcd, and is hard to work. It has a close grain, and 
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pieces are so regular that they have been stained to imitate black 
walnut and used as veneers for the manufacture of furniture and 
cabinet work. The species of gum tree, which yields timber of use 
in carpentry, is known as the sweet gum. It is of medium size, with 
a straight trunk. The trees do not form forests, though they are 
quite abundant east of the Mississippi River. The leaves have five 
lobes which are long and pointed, thus giving them a starlike appear- 
ance. The bark is very rough, and its resemblance in appearance 
to the skin of an alligator has caused the wood to be called "Alligator 
Wood" in some locaUties. 

Maple, Almost all of the maple used in building work comes 
from the hard sugar maple, which is most abimdant in the region of 
the Great Lakes, but which is also found from Maine to Minnesota 
and southward to Florida. The trees are of medium to large size 
and form quite considerable forests. They are so abundant in 
Canada that the maple is the national tree, and the national emblem 
is a maple leaf. The wood when finished presents a very pleasing 
appearance, and ranks as one of the best of the hard woods in this 
respect. It is heavy and strong, of fine texture, and often has a fine 
wavy grain which gives the effect known as "curly." Other defects 
which add to the beauty of the grain occur in what is called "blister" 
and "bird's-eye" maple. These defects are the result of twisting of 
the fibers which make up the woody structure of the tree, and the 
maples seem to show them more frequently than any of the other 
trees, though they sometimes are to be found in birch and various 
other woods. The color of the sapwood is a creamy white while 
the heartwood is tinged with brown. The lumber shrinks moder- 
ately, stands well, is easy to work, and is tough, but not very durable 
when subjected to exposure. The finished wood takes an excellent 
polish. It is most conmionly employed for floors, and in other posi- 
tions where a good wearing surface is required, as well as for ceiling 
and paneling, and other interior finish. 

Oak. This is a wood which has probably been used more than 
any other kind in all classes of structures. In ancient times it was 
about the only wood in use both for the building of houses and for 
shipbuilding. Since the softer woods have become popular and oak 
has become somewhat less easy to get, its use has diminished to 
some extent, but it is still one of the most useful of woods. The trees 
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grow freely all over the nortliern parts of Europe and America, 
extending as fur south as the Equator, and have been particularly 
plentiful io the British Isles. There are about twenty different kinds 
of oaks to be found in various parts of the United States and ( 'anaila, 
but there are three distinctly different species, which are sold sepa- 
rately. These are the "white oak," the "red oak," and the "live oak." 
The red oak b usually more porous, less durable, and of coarser tex- 
ture than the white oak or the live oak. The trees are of medium 
size and form a large proportion of all the broad-leaved forests. Li\'e 
oak was once very extensively used, but has become scarce and is 
now expensive. Both tlie red oak and tlie white oak are used fcv 
inside finishing, but they are liable to shrink and crock and must, 
therefore, be thoroughly seasoned. They are of slightly different 
color, the white oak having a straw color while tlic red oak has a n-d- 
dish tinge, .so that they can not be used together where the work is 
to be finished by polishing. Oak is always best if quartcr-satvcd and 
it then shows what b knowTi as the "silver grain." This b the result 
of the cutting of the me<lultary rays, and appears on the finished 
wood as a succession of splashes or blotches which are of lighter color 
than tlie rest of the wwxl and winch glisten in the light 

Poplar. Thia woikI is also known in the market as "white 
wood," "tulip wood," and sometimes as "basswood." The poplar, 
the whitewood or tulip tree, and the basswood are, however, tluv« 
dbtinct kinds of trees, but tlie wood of each so nearly resembles that 
of the others us to be indistiiigui.thable in the market and so it is sold 
un<Ier any one of these various names. The lumber yielded by the 
tulip tree aud known cuiiunen:i»tl)' as whitewood is the best. This 
tree b a native of North America and grows freely all over the Uaited 
Statts and Canada. 'Diere are a number of different varieties grow- 
ing in various parts of the country. It b sometimes called "yellow 
poplar." lite poplar or Cottonwood is most common in the region 
of the Oliio basin, aud grows in tlie western desert regions along the 
water courses. The tree is a large one and usually grows in anuU 
groups, not fonning extensive forests. The basswood tree, also 
known as the linden, grows all over tlic eastern part of the United 
States and Canada, and in the middle west Tlte wood of all these 
tnes a light, soft, free from knots, and nf fine texture. In oolor it 
ia iriiite, or yellowisb white, and frequently has a satiny luster. It 
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can be so finished as to retain its natural appearance, but it is often 
stained to imitate some of the more costly woods, such as cherry. 
It is used extensively for cheap inside finish and fittings, such as 
shelving, and sometimes for doors, but it warps badly if it is not 
thoroughly seasoned, and will not stand exposure. 

Sycamore. Sycamore is frequently used for finishing, and is a 
very handsome wood. It is heavy, hard, strong, of coarse texture, 
and is usually cross grained. It is hard to work, and shrinks, warps, 
and checks considerably. The tree is of large size and rapid growth, 
found in all parts of the eastern United States, and is most common 
along the Ohio and Mississippi rivers. 

Walnut. There are a number of different kinds of walnut trees, 
of which only one or two, however, yield timber which is suitable for 
use in building construction. The best known trees are the ''English 
walnut," the "black walnut," the "white walnut" or "butternut," 
and the "Circassian walnut." The English walnut grows in Europe, 
and is not very popular as a finishing wood, while it is too expensive 
to be used for rough lumber. Formerly great quantities of it were used 
in the manufactiure of gun stocks, so much so as to create a demand 
for the entire supply. The black walnut is a native of North America, 
and until about thirty years ago it was used very extensively in the 
United States for interior finish and furniture, taking the place of 
oak for these purposes. During recent years, however, the wood 
has ceased to be popular, and is now very seldom used. This is 
partly due to the scarcity and consequent high price of the timber. 
It is a heavy hard wood of coarse texture and of a rich dark-brown 
color. Very handsome pieces having a beautiful figure may be 
selected for veneers for furniture and cabinet work. Although the 
wood shrinks somewhat in drying, it works easily, stands well, and 
will take a good polish. The tree is large and of rapid growth. It 
was formerly very abundant in the Allegheny region, and was found 
from New England to Texas and from Michigan to Florida. White 
walnut, or butternut, is somewhat like black walnut wood, but is 
of a lighter color and is not so pleasing when finished. Circassian 
walnut is beautifully figured, and is sometimes used for piano cases, 
and costly cabinet work, but it is very scarce and very expensive. 

Laurel. The tree of this name which is most extensively used 
in building work is the Califomia laurel, which grows on the Pacific 
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Coast and ia seldom seen used in the eastern part of the coiintiy. 
The wood b hard, heavy, and strong, light brown in color, ajid of 
close grain. Tlie sapwood is considerably lighter in color than the 
heartwood. The wood takes a very good polish and is qiute gener- 
erally used on the Pacific Coast for cabinet work and interior finish- 
ing. 

Osage Orange. This is a southern wood, growing in the Gulf 
States and seldom seen in the North. The tree b of medium size, 
bears fruit somewhat rcsembiiiig an orange, and b protected by 
large thorns. The wood ranges in color from bright yellow or orange 
to brown and b bard and strong, tliough at the same time very flex- 
ible. It b very durable in damp places, and in positions where it 
comes in contact with the earth. The wood shrinks somewhat, and 
checks, but unll take a good polish, and it is, therefore, used to some 
extent for interior finish, but Its principal use is for poles and posts, 
piles, ties, etc. 

Locust. The locust is a tree which jnelds wuo<) valuable in con- 
struction on account of its great durability in exposed positions. 
The eastern tree b called the black locust, while the tree In the west- 
em states is known as the mesquite. There is a slight difTcrcncr 
between tlie two trees, but they belong to the same family. Tbe 
wood is hard, heavy, and strong, reddish brown in color, and clnse- 
grnined. It was largely used in the past for long wood pegs culled 
Iree-naiU and b now used wherever great durability b required. 

Holly. This wood b very highly prized for use in inlaid work, 
both on account of its beautiful even grain, and on account of its 
clear white color. The American tree grows in all tlie eastern states 
where it attains to medium size. It is charactpn7.ed by its ever- 
green foliage and its red bcrriea. Tlie wood i.i cream white in color, 
and moderately strong. It is easily worked, but is not durable and 
con not be exporseil. 

Imported TJntbon Besides the woods wliich grow in the I'nited 
Stat(-s, a numlx-r of otliers are brought in from foreign londi for uae 
in the beat grade of public buildings and private rcudcnces. T1h> 
most popuhir of these are the mahogany, rosewood, satinwood, 
French burl, and Circassian walnut. 

Mahognny comes from Cuba and Mexico, and fonnrHy WE.t 
obtained also from Santo Domingo and Hondunu. Otlier kiod^ of 
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so-called mahogany are also obtained from Africa and India, and 
some come from South America. The wood is generally imported 
in the rough log and cut up by the purchasers as it is required. It 
b easy to work, will take an excellent polish, and stays in place very 
well if it is properly seasoned. The color varies from very light to 
deep redy which becomes darker and richer with age. There is also 
what is called white mahogany, which is golden yellow in color. The 
wood is very costly and can only be used for the best work. Gener- 
ally it b used in the form of veneers. 

Satinwood comes from both the East and the West Indies. It 
b hard and strong and very durable, but brittle and hard to work. 
It b so costly as not to be used for anything but the finest cabinet 
work, for which it is valued on account of its color, which is very light 
yellow, and its satiny luster. It takes a very good polish. 

French burl comes from Persia, and Circassian walnvi from near 
the Black Sea. Both of these woods are very expensive and can be 
used on that account only in veneers and only for the best work. 

GENERAL CHARACTERISTICS OF TIMBER 

In speaking of wood we are accustomed to use certain words to 
express our idea of its mechanical properties, or of its probable behav- 
ior under certain conditions. Thus we say that a wood is hard, or 
tough, or brittle, or flexible, and frequently we use these terms with- 
out having a clear understanding of just what they mean. A very 
brief discussion of some of these properties or characteristics of lum- 
ber will now be given in order that we may see what peculiarities of 
structure or of growth cause them. 

Hardness. If a block of wood b struck with a hammer when 
lying on a bench, the hammer-head will make an impression or dent 
in the wood, which will be deeper or shallower according as the wood 
b soft or hard. A wood b said to be very hard when it requires a 
pressure of about 3,000 pounds per square inch to make an impres- 
sion one-twentieth of an inch deep. A hard wood requires only 
about 2,500 pounds to produce the same effect. Fairly hard wood 
will be indented by a pressure of 1,500 pounds, and soft woods require 
even less. Maple, oak, elm, and hickory are very hard; ash, cherry, 
birch, and walnut are hard ; the best qualities of pine and spruce are 
fairly hard, and hemlock, poplar, redwood, and butternut are soft. 
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Toughness. 'Toughness" is a word which is often used in rela- 
tion to timber, and implies both strength and pliability, such as is 
found in the wood of the elm and the hickory. Such timber will 
withstand the effect of jars and shocks which would cause other 
woods like pine to be shattered. 

Flexibility* Timber is said to be flexible when it bends before 
breaking instead of breaking off short, or, in other words, a flexible 
wood is the opposite of one which is brittle. The harder woods, 
taken from the broad-leaved trees, are usually more flexible than 
the softer woods, taken from the cone-bearing trees. The wood of 
the main tree trunk is more flexible than that of the limbs and 
branches, and moist timber is more flexible than dry wood. Hickory 
is one of the most flexible woods. 

Cleavage. Most woods split very easily along the grain, espe- 
cially when the arrangement of the fibers is simple, as in the conifers. 
In splitting with an axe, the axe-head acts as a wedge and forces the 
fibers apart, so that usually the split runs along some distance ahead 
of the axe. Hard woods do not split so easily as do soft woods, and 
seasoned wood not so easily as green wood, while all timber splits 
most easily along radial lines. 

CARPENTERS' TOOLS 

Steel Square. It is not only important that the workman 
should know the character and usefulness of the various materials, 
but it is also essential that he should be familiar with the steel square, 
which is the universal tool used to lay out the material. Figs. 16 
and 17 show one side of one of the common squares in general use. 
The three parts are distinguished by special names, the tongue, the 
blade, and the heel. The longer and wider arm is the blade, the 
shorter and narrower arm is the tongue, and the point where 
tlie two arms meet is called the heel. 

The numerous applications of the tool are given in detail under 
the subject of 'The Steel Square." 

Saws. Another very important and much used tool, wherever 
wood working is done, is the saw, and so much depends upon its 
careful manipulation and intelligent use that it will not be out of 
place to devote a few pages to a consideration of the different kinds 
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of saws and their respective possibilities, as well as to their care and 
the way in which they should be chosen. 

There are in general two kinds of saws, which differ from each 
other in the arrangement of the teeth, and which are intended, one 
for cutting wood in the direc- 
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tion of the grain, and the other 

for cutting wood at right angles 

to the grain. In order to cut 

the wood in the direction of the 

grain it is not necessary to cut 

through ver>' many of the fibers, as the cut is, in 

general, parallel to them, but it is necessary rather to 

force the fibers apart without tearing them. Of course 

it is impossible to cut the wood without tearing the 

fibers to some extent, but this is the best way to make 

dear the difference in principle between the two kinds 

of saws, and an understanding of this difference is 

necessarj' in order to appreciate their construction 

and the proper care of them. The cutting of the wood across the 

grain, on the other hand, requires a tool made especially with a view 

to cutting through the fibers as quickly and as easily as possible. 

Besides these two there are 



Fig. 10, 
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various other special saws de- 
signed for a particular kind 
of work, such as the cutting 
out of key holes, the cutting 

of dovetails, the cutting of miters, and otiier oper- 
ations required in joiners' or carpenters' work. 

Rip Saw. This saw is designed for cutting 
along the direction of the grain of the wo(h1, aiiil 
from this come» its name, wlucli suggests very 
clearly its purpose. Fig. 18 shows one of these 
saws, but the shape of the blade varies a great deal 
with different makers, and some people prefer one 
shape while others prefer another. 

The distinguishing feature is the shape and ar- 
rangement of the teeth, which are shown in detail in Fig. 19, There 
are always a certain number of teeth to the inch length of the saw. 
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In this kind of a saw, the number is usually four or five, and it will 
be noticed that one side of the tooth is vertical while the olhw 
slopes. The vertical side of the tooth is always toward the front or 
point of the saw, while the sloping side is always toward the hiiiidle. 
The amount of slope to be given to the teeth of n saw is a matter of 




opinion and can be rcf^ulated when the saw is sharpened, or "filed,'* 
but the slope sliould always be a flat one in this kind of a saw, that 
is, it .ihouhl make an ait^le of lens tlian forty-five degrees with the 
horizontal, or with the line of the buck of the saw. 

It is held bj- some that the 
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Fig. 10. Slope u( T«i 



teeth of a rip saw should be 
^inii^lit on the front edge, that 
is, that the>- sbould have the 
e<lge at right angled with the 
side of tlie blaile, while others 
maintain that the edge of the tooth should Ih* cut across ubiiquelyi 
HO as lo be at an angle of about eighty-five di-grres with the side of 
the blade. A saw may Ix- filiil either way, acoonling to the opinion 
of the owner, the deterniining factor being usually the kind of 
wood to be cut and whether the grain is absolutel>' straight or more 
or less crooked. In the latter case the edges of tlie teetli should 
e<Ttainly have a sUgln Ix-ve! M> as to give a cutting edge. The 
bevel should, however, be on alternate sides of adjueent teeth, that 
IS, one trxttli should be bevelnl toward the right and the next 
toward the left and so on. This 
arrangement helps to keep tlir 
saw straight while cutting, and 
prevents it from being forced over to one side or the other. Fig. 20 
shows a view of the cutting olge of a rip saw, sliowing the way io 
whidi the treth should be filed. 
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Fig. 21. Slope of Tooth of Cro8»-Cut Saw 



Fig. 22. Cro8»-Cut Saw. Blade Edge-On 



Cross-CtU Saw. As has been already explained above, and as 
is clearly indicated by its name, this saw is intended for the cutting 
<!)f wood across the grain at right angles to the direction of the fibers. 
It differs from the rip saw prin- 
cipally in the size and arrange- 
ment of the teeth, those of the 
cross-cut saw being smaller, usu- 
ally numbering about eight to 
the inch. The shape of the teeth 
in the two kinds of saws is also 
different, as the front of the tooth 
in the cross-cut saw, instead 

of being straight as in the rip saw, is inclined backward at an 
angle of about 115 degrees, while the back of the tooth slopes 
at an angle of about 125 degrees. The slope of the teeth should be 
varied according to the hardness of the wood to be sawed, those 
given above being suitable for soft wood. The bevel on the front 
of the tooth should also be varied according to the hardness of the 
wood, so as to give a more or less sharp cutting edge. In the saw 
described above this bevel should be about sixty degrees, while for 
harder wood it should be as much as seventy-five degrees. In general, 
the harder the wood to be cut, the smaller should be the teeth of 
the saw. Fig. 21 shows a cross-cut saw with the slope of the teeth 
indicated, and Fig. 22 shows how the teeth should be filed. The 
cross-cut saw is also known as the "panel saw." 

Hand Saw. There is a saw, which is much used for general 
work, which combines the qualities of the rip saw and the cross-cut 
saw. It is called the "hand saw/' and is a cross between the other 




Fig. 23. Back Saw 



two. It may be used for either cutting with the grain or against it, 
but in any case does not do such good work as the special saw which 
is intended for the particular kind of work which is at hand. 
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Fig. 24. Slope of Teeth of Back Saw 



Back Saw, Fig. 23 shows a saw which b known as a back saw, 
probably because of the extra piece on the back which limits the 
depth to which the saw will cut. It is also called a "tenon saw." 
There are a number of different kinds, varying in the width of the 
blade and in the length of the saw, and they are used for various 

special purposes, usually in miter 
boxes and for sawing bevels on 
moldings. Fig. 24 shows the 
arrangement of the teeth on a 
back saw. It will be seen that 
the front of the tooth is nearly straight, and that the slope of the 
back is very sharp, making the number of teeth to the inch more 
than in the rip or cross-cut saws. 

Keyhole Saw. Fig. 25 shows a set of saw blades which are 
intended to be fastened in turn to the same handle and used for 
various purposes. These blades are very thin and can be used for 
cutting out small holes such as keyholes, and it is for this reason 
that such saws are called "keyhole saws." The teeth are in general 
similar to those of the back saw, but are usually smaller. 

Great care must be exercised in the filing of a saw, to give it 
the proper *'set" to enable it to do the work required of it, and this 
work is better left to an expert. Most carpenters, however, like to 
know how to file their own saws and to keep them in good condi- 
tion. A great deal has been written on this subject both in books 
and in trade papers, but it is almost impossible to describe, in writing, 
the proper methods. It is a part of the carpenter's trade which 
must be learned by experiment and by watching the older workmen. 




Fig. 25. Keyholo Saw with Detachable Blades 



Planes. Timber comes from the mills rough from the saw, and 
before it can be used for any finished work it must be prepared to 
receive paint or other kinds of finish. This preparation consists in 
a smoothing or planing which can be carried to any extent, including 
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Fig. 26. Jack Plane 



sandpapering or even polishing. The instruments used for the 
rougher part of this work are called planes, after which, if more 
smoothing is required, come scrapers and sandpaper. There are a 
great many different kinds of 
planes, but the principle of all 
of them is the same. They 
consist of a ^^^ blade, or 
knife, in the form of a chisel, 
which is held in a large block 
of wood or iron by means of 
clamps, so that the knife can be kept steady and guided easily. The 
knife* projects at the bottom of the back through a slot, and takes 
off a shaving which is larger or smaller according to the projection 
of the knife. For smoothing, the cutting edge of the knife must be 
absolutely straight and must be clamped into the block in such a 
way that the projection will be exactly the same all along the edge. 
Any imperfections in the edge of the knife will be repeated on the 
surface of the wood. Planes are in general of two kinds, namely, 
"jack planes'* and "trying planes." 

Jack Planes. The jack plane is used for the rougher work to 
give the preliminary smoothing after the lumber comes from the 
mill. It is bigger and, as a rule, heavier than the finishing j)lanes, 
and is almost always made of wood, while the others are often made 





Fig. 27. Wood-Bottom Smooth 
Plane with Handle 



FiR. 28. Wood-Hottorn Smooth 
Plane without Uuudk* 



of iron. Fig. 26 shows a view of a jack plane. The haiulle is neces- 
sary to push the block forv^^ard, and it is usually necessary to bear 
down heavily on the forward end of the block to keep the knife 
do^Ti into the wood. 

Trying and Smoothing Phnes. The smoothing plane is usually 
much smaller than the jack plane, as it is not expected to take olF 
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HO much material 8n«i there does not have to be so much IcveniKr. 
In const ruction it is similar to the jack plane, and may be madi; of 
either wood or iron. \'ery often, however, it is nHthuut a handle, as 
no great force is required to oper- 
ate it. The trjinjf plane is longiT 
than the jaek plane and is used 
after it so as to obtain u truer 
surface on the piece of timlier than 
is possible with the jack plane. 
It is also used for ed^n>! hoanl.i, 
and it is narrower than either tlic 
jack plane or the smoothing ))laiie. 
Figs. 27 and 2S show two wooi)- 
bottom .smooth planes, one with 
a handle and one n-ithout. and 
Vig. 29 shows a smooth plane with 
an iron bottom. 
In Fig. :i() is shown a sectional view of Uith a wood anrl an 
in>n sm(M)th plane, with the various i>ie«5t numbered, and in Fig. ;il 
are shown some of these same pieces separately with the same 
nmnbers attached to each* The names of the various parU are as 
follows: 




ri(. la. IniD-llalloiu 





J. I'ianr 



Nu. 1 ui (.lie "pliiai^ ii^a." auiI nliuulJ tn^ miulv tit di-i'I, wdl Uimpnnd 
fend ground. It Bhnuld be ihmuKbout nf the wimr ihickDnx. 

No, 2 u the "|)luic iron ca)>," also of Meel, ilie punx"« uf whirb (• U 
pratccit tlio plum- trun. 

Nn. 3 U U)« "jiliuio iron nerrw," which foiiierui thn plnnr iron rnii t« the 
plane iron. 

No. 4 b lh« "call" (or "rap iron"), whirh hoMn the plann tnio in pbc*. 
and It b faeleawl to Ihtr "(ruR" by mt«a* of ihr "^^t »crow," No 5. 

No. ia tlip "IruK." wrhidh aclH oa o auppurl fur l)ii- pbuui irona. Mtd 
wluob ia tnateneil lo the Wly of tht- ]>laDe by tlir "troi arrtir," No. 10. 
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No. 7 ia the "Y" adjustment, the end of which fits into an opening in 
the pUne iron cap, and makes possible the close adjustmeDt of the position 
of the plane iron. The adjustment ia made by means of the brass "adjusting 
nut," No. 8. 

No. 9 is the "lateral adjustment," by means of which the plane iron 
can be shifted very slightly sideways in the plane, if necessary, bo as to bring 
it parallel with the edge of the bottom of the plane, where it passes through 
the slot. 

No. 11 is the "handle," which is fastened to the bottom of the plane by 
the "handle screw," No. 15, and by the "handle bolt and nut," No. 13. 

No. 12 is the "knob," fastened to the bottom by the "knob bolt and 
nut," No. 14. 

No- 16 is the "bottom" of the iron plane, while No. 18 is the "bottom" 
of the wood plane. 

No. 17 ia called the "top casting" and occurs only on the wood bottom 
plane 
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Nails. In general, nails are of two kinds, namel>', cut nails 
and wire nails, the difference between the two kinds being in the 
material and the method of manufacture. 

Cvi Nails. The cut nails, also called plate nails, are stamped 
out of a flat iron plate, in alternate, slightly wedge-shaped pieces, 
and the head is afterward formed on the large end of each piece. 
The cut nails are made in three classes, according to finish, and are 
called, respectively, "common," "casing," and "finish" nails. The 
nails known as "finishing nails," however, are far too rough for fine 
finished work. The length of the nail is regulated according to the 
"penny," which formerly had reference to the weight, but which now 
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is purely arbitrary. Thus a three penny nail is li inches long; four 
penny, IJ inches; five penny, IJ inches; six penny, 2 inches; seven 
penny, 2\ inches; eight penny, 2 J inches; nine penny, 2 J inches; ten 
penny, 3 inches; twelve penny, 3i inches; sixteen penny, 3 J inches; 
twenty penny, 4 inches; thirty penny, 4J inches; forty penny, 5 
inches; fifty penny, 5 J inches; and sixty penny, 6 niches. The speci- 
fications which have just been given for cut nails also hold good 
for wire nails. 

Wire Nails, Wire nails are rapidly replacing- the cut nails in 
general use. They are now very nearly the same price and are ver>' 
much stronger, so that they do not buckle up when driven into 
hard wood, and they are not nearly so liable to split the wood on 
account of their cylinder-shaped shaft, which is the same size through- 
out its entire length. They are made from wire, which is cut in 
lengths by machinery and pointed and headed. They can also be 
ribbed or barbed, if desired, which gives them a stronger hold on 
the wood. They are made with various kinds of heads, some being 
large and flat, so that the nail can be easily withdrawn, while others 
are very slightly larger than the shaft of the nail and can be made 
almost invisible in the finished work. 

For framing, large nails should be used, from 4 to 6 inches in 
length. For the rougher exterior and interior finish, such as sheathing 
and rough flooring, nails about 3 inches long are suitable, while for 
the finer inside finish smaller nails from 2\ inches down to IJ inches 
should be used. Roofing should be put on with special galvanized 
or copper nails so as not to rust out. 

Screws. Screws are how used in building work to a much 
greater extent than was formerly the custom, largely on account 
of their decreased cost. They have the advantage over nails, as they 
do not split the wood, and they can be easily withdrawn when desired, 
without injuring the work materially. There are a great many 
different kinds of wood screws, which vary as to the shape of the 
head, the size of the shaft, and the length. They are made in about 
the same lengths as those given above for nails, and with both 
round and flat heads. 

Screws can be had in iron, steel, copper, bronze, and brass. 
They are also made with the heads silver- and gold-plated, or 
lacquered to match finishing hardware. 



50 



CARPENTRY 41 



LAYING OUT 



Having now considered the material and the most important of 
the tools with which the carpenter performs his work, we shall pass 
to a con^deration of the work itself, and see how a building of 
wood construction is put together. 

Qrotind Location. In undertaking the construction of any 
building, the first thing to do is to make a thoughtful examination 
of the piece of ground upon which the structure is to be placed. 
This is very important as the character of the soil upon which a 
dwelling is located will ver>' largely determine its sanitary condition, 
and will influence to a great extent the health of the occupants. 
Very often a difference of a few yards in the location of a building 
will be enough to cause the difference between a perfectly dry cellar 
and one which is constantly flooded with water. Water is, indeed, 
the one thing above all others which must be guarded against, since 
it is impossible to keep it out of a cellar which is sunk in damp 
ground, unless some elaborate system of waterproofing is employed. 

Ground Water. Below the surface of the earth there is always 
to be found what is known as "ground water." This stands prac- 
tically always at a level, and is not met mth so near the surface on 
a slight knoll or other elevation as in a depression. If possible, a 
house should be located on comparatively high land, so that the 
floor of the cellar does not come below the ground-water level. 
Below the surface of a hill, however, there may be a stratum of 
rock which will hold the rain water and prevent it from sinking at 
once to the ground-water level. Such a ledge of rock causes the 
water to collect and then flow off in small subterranean streams, 
which will penetrate the walls of a cellar if they happen to be in 
their path. 

A good way to discover the depth of the ground-water level or 
the existence of rock ledges beneath the surfjice of the ground, is 
to dig a number of small, deep holes at various points of the site. 
These should be carried below the j)rop()se(l level of the cellar 
bottom. A suitable location for the building ma\' thus be chosen. 

If, however, it is not easy to make so thorough an examination 
of the site as this would allow, another method may he employed. 
This consbts in the use of an instrument called an * 'auger," which 
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is very much like an ordinary carpenter's auger or bit, though much 
larger. The auger generally used is about 2 inches in diameter. It 
b driven into the ground, and as it descends into the hole which it 
bores it brings to the surface small portions of all the different kinds 
of material through which it passes. This material may be preserved 
and examined at leisure. The character of the site may be determined 
in this way. 

Staking Out. When the approximate position of the structure 
has been decided upon, the next step is to "stake it out," that is, 
the position of the corners of the building must be located and 
marked in some way, so that when the excavation is begun the 
workmen may know what are the exact boundaries of the cellar. 
This "staking out" should always be carefully attended to, no matter 
how small the building may be. In works of importance it is best 
to have the work done by an engineer, but on small work it is 

customary for the contractor or the archi- 
tect to attend to it. It b well to have 
at hand some instrument with which 
angles can be accurately measured, such 
as a transit; but the work can be done 
very satisfactorily with a tape measure 
and a "mason's square." This simple 
instrument is composed of three sticks of 
timber nailed together as shown in Fig. 32, 
to form a right-angled triangle. It b 
important that the tape used should be 
accurate, a steel tape being always preferable, and that the mason's 
square should give an exact right angle. A mistake in the staking 
out may cause endless trouble when the erection of the building 
itself is begun, and it is then too late to remedy it. 

There are several different lines which must be located at some 
time during the construction, and they may as well be settled at 
the start. These are: The line of excavation, which b outside of 
all; the face of the basement wall, inside of the excavation line; and 
in the case of masonry building, the ashlar line, which indicates the 
outside of the brick or stone walls. In the case of a wood structure 
only the two outside lines need be located, and often only the line 
of the excavation is determined at the outset. 




Fig. 32. Mason's Square 
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The first thing to do is to lay out upon the ffround the main 
rectangle of the building, after which the secondary* rectanj^es, which 
indicate the poidtion of ells, bay windows, etc., may be located. 
Starting at any point on the lot where it is desired to place one 
corner of the building, a stake should be 
driven into the ground and lines laid out 
parallel and perpendicular to the street 
upon which the structure is to face. At 
the ends of these lines, which form sides 
of our rectangle, the lengths of which are 
determined by the dimensions of the 

building, other stakes should be driven, pi*. 33. Diaimm sho<rins 
which define the direction and the length """ Ground Lnyout 

of the building. The exact location of the ends of the line may 
be indicated by a nu) driven into the top of each stake. 

After these lines have been thus laid out, others may be laid 
out perpendicular to them at the ends, with the aid of the mason's 





square and the tape raeaburc The accurit\ >f the rij^ht angle may 
be checked by the use of the three four h\( ' rule. This rule is 
based upon the fact that a triangle whobethrci ^iiiesare, resi>ectively, 
3, 4, and 5 feet long 13 an exact nght anf,led tnangle, the right augle 
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being always the angle between the 3-foot and the 4-foot sides. 
This fact may be proven by applying the well-known theorem, which 
states that the length of the hypotenuse of a right-angled triangle 
is equal to the square root of the sum of the squares of the other 
two sides. The rule may be used as follows: 

Lay off on one of the side lines already laid out on the ground 
any multiple of 3 feet, as 9 feet or 12 feet. On the other line, pre- 
sumably at right angles to the first one, lay off the same multiple 
of 4 feet, as 12 feet or 16 feet. Now a straight line measured between 
the points so obtained, should have a length equal to the same 
multiple of 5 feet, as 15 feet or 12 feet. If this is not found to be 
the case the angle laid out is not an exact right angle, and instead 
of a rectangle we have a parallelogram as shown in Fig. 33. This 
will not do at all, and the inaccuracy must be corrected. It is possible 
to lay out the right angle in the first place by this same method, 

using two flexible cords, respectively, 
4 feet and 5 feet long. The end of the 
4-foot cord should be fastened at the 
end of the side line of the building, and 
the end of the 5-foot cord should be fast- 
ened on this same side line, 3 feet away 
from the corner. When the loose ends of 
both cords are held together, and the 
cords are both drawn taut, the point 
where the ends meet will be a point on 
the side line of the building perpendic- 
It is evident that this point must be just 
4 feet from the corner, and that the distance between it and the 
point on the other side line, 3 feet from the corner, must be 5 feet. 

After all the corners of the building have been located, their 
position should be indicated by the use of * 'batter boards." One 
of these is shown in Fig. 34. It will be seen that it consists of a 
post Ay which is set up at the corner, together A^-ith two horizontal 
pieces BBy which extend outward for a short distance along the sides 
of the rectangle that has been laid out. The horizontal pieces may 
be braced securely as shown, and the whole will be a permanent 
indication of the position of the corner. Notches may be cut in the top 
of the horizontal pieces to indicate the position of the various lines. 




Fig. 35. Extra Strong Type of 
Batter Board 



ular to the first side line. 
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and cords may then be stretched between the notches from batter 
board to batter board. These cords will give the exact location of 
the lines. 

Another way to indicate the position of the lines is by driving 
small nails into the tops of the batter boards instead of cutting 
notches in them; but nails may be withdrawn, while the notches 
when they are once cut, can not easily be obliterated. 

Batter boards should always be set up ver>' securely, so that 
they will not be displaced during the building operations. If there 
is danger that the form of batter board shown in Fig. 34 may be 
displaced, because of the large size of the structure and the length 
of time during which they must be used, the form shown in Fig. 35 
may be substituted. Two of these at right angles to each other 
must be placed at each comer. 
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PART II 



FRAMINQ 

After the building has been laid out, and the batter boards are 
in place, the next work which a carpenter is called upon to do. is 
the framing. This consists in preparing a skeleton, as we may say, 
upon which a more or less ornamental covering is to be placed. 
Just as the skeleton is the most essential part of the human body. 
so is the frame the most essential part of a wood building; and 
upon the strength of this frame depends the strength and durability 
of the structure. When the carpenter comes to the work, he finds 
everything prepared for him; the cellar has been dug and the foun- 
dation walls and the underpinning have been built. It is his busi- 
ness to raise the framework on them. First is the wall, then the 
floors, and then the roof. Therefore, the subject may be subdivided, 
and considered under these three main headings. In connection 
with the walls we may consider the partitions as well as the outside 
walls, and in connection with the floors we may consider the stairs, 
while the roof may be taken as comprising the main roof and also 
subordinate roofs over piazzas, balconies, and ells. This covers all 
the framing that will be found in a wood building, except special 
framing. (See page 147, Part III.) Whatever framing there is in 
a brick or stone building is similar to th^t in a wood building, with 
the slight differences which may be noted as we come to them. 

JOINTS AND SPLICES IN CARPENTRY 

Before beginning a description of the framing, it will be well to 
consider the methods employed in joining pieces of timber together. 
The number of different kinds of connections is really very small, 
and the principles upon which they are based may he mastered very 
quickly. 

Copyright, 191X, by American School of Corrcapondenee. 
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All connections between pieces of liml>er may be classified m 
jdnts or as splices. By a "splice" we mean a eonnertion betwi-cii 
two pieces which exteml in the 
same direction, as shcm-n id 
Vig. 36, and t'ach one of which 
is merely a continuation of the 
otlier. The onlv' reason for the 
existence of such a connection 
is the fact that sticks of timber 
can he obtained only in limited 
lengths and must, therefore, 
verj' often be pieced. By a 
Fi, 30 E«»pi, oi . 9pii« "joint" we mean anj- connec- 

tion between two pieces which 
cotnc top-ther at an angle, as shown in FV- '•^~' ■''x^ which are. 
therefon?, not continuous. Such a connection may be required in 
a great muny places, and espt^ially at tlie comers of a building. 

. Joints. The principal kinds of joints to W met with in car- 
pentr>' are the "butt joint," the "mortisc-and-tcnon joint," the 
"gained joint," the "halved joint." the "tenon-and-tusk joint," and 
the "double-tenon joint." 

Hull Joint. This U the most simple of all the joints, and is 
made by merely placing the two pieces together with the end of 





unpl* al PUik Joli 




one piece against the gde of the other and nailing them firmly to 
each otliT, afli-r both have l>een trimmcil sciunre and true. Such ■ 
joint u shown in Fig. 3S. The two pieces an- perpendicular to oadl 
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other aod neither piece b cut. The nails are driven diagonally through 

both pieces, an operation which is known as "toe-nailing" and are 

driven home, if necessary, mth a 

nul set. This is called a "square" 

butt joint. lilg. 39 shows two 

pieces which are not perpeodicular 

to each other. They are trimmed 

to fit closely together, and are then 

nailed in place. Such a joint is 

called an "obhque" butt joint. The 

butt joint does not make a strong 

connection between the pieces, and 

should not be used if much strength 

is required. It depends entirely 

upon the nails for its strength, and 

these are very likely to pull out. 

This form of joint is sometimes modified by cutting away a 
part of one of the pieces, so that the other may set down into it as 
shown in Fig. 40, the square joint at A, and the oblique joint at B. 





F!c- 40. B[MdBl TypM 



This gives much additional strength to the joint, especially in the 
case shown at B, where there may be a tendency for one piece to 
slide along the other. 
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Mortiae-and-Tentm Joint. From the modified butt joint it U 
only a step to the "mortise-and -tenon" joint, which is fanned by 
cutting a hole culled a "mortise" in one 
of the pieces of timl>er, to receive a pnn 
jcotion culled a "tenon" which is cut on 
the end of the other piece. This oirangv- 
ment is shown in Fig. 41, The mortise 
is shown at /I, and the tenon is shown st 
//. It will be noticed that there is a hole 
bonxl through the ti>non nt C, and that 
another hole is bored in the mortised piece 
at D. These holes are so pliiced tliat when 
the pieces are joined together, a wood \»n 
amy be driven through both holes, thus 
'""""""' preventing the tenon from being with- 

drawn from the mortise. The pin should always be insertMl in a 
mortise^nd-tenon joint. Ordinarily this pin is of hard wood, even 
when tlie piec<es to be joined together are themselves of soft wood, 
and it may he of any desired size. Round pins from ] inch to J 
inch in diameter are ordinarily employed, although it may sometimes 
be found better to use a square pin. 

The form of tnortise-and-tciion joint described above may be 





used whtTevcr the pieces are pcrpcndieular to i-aeh other. When, 
however, the pieces are inclined to each other, a modilinKion of the 
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above joint known as the "bridge" or "straddle" joint is employed. 
This joint is shonii in Figs. 42 and 4.3. It is similar to the square 
mortise-aod-tenon joint, having a simiUr mortise and tenon, but 
these are cut in a slightly different way. In Fig. 42 the tenon A 
b cut in the end of the inclined piece and fits into the mortise B cut 
in the other piece. In Fig. 43 the mortise A is cut in the end of the 
inchned piece and the tenon B is cut in the other piece. 

Gained Joint. The joints which have so far been described are 
applicable only where the members are subjected to direct compres- 
mon, as in the case of posts or braces, or in certain cases where direct 
tension is the only force acting on the pieces. When bending and 
shearing are to be expected, as in the case of floor beams connecting 
to »lls or girders, a slightly different sort of joint must be employed. 

One of the most common 
joints for such places is a modifi- 
cation of the mortise-and-tenon 
joint which is known as the 
"guned joint." An example of 
this form of connection is shown i 
in Fig. 44, and it may be seen I 
that the end of one piece is I 
tenoned in a peculiar way. The 
tenon proper is the part A-B-C 
and this tenon sets into a corre- 

,. .. . . ,, . rig, 44. UsiDsd Joint 

spondmg mortise cut m the other 

piece as shown. It is evident that the tenon can not be held in place 

by a pin, but it may be secured by nailing. 

The reason for this peculiar form of tenon may be explained 
as follows: A floor beam, or any other timber, which is loaded trans- 
versely, has a tendency to fall to the ground, and must be supported 
at its ends either by resting directly on a wall or sill, or by being 
mortised into the latter member. Moreover, in order that the end 
of the piece resting on the support, may not be crushed or broken, a 
certain amount of bearing surface must be available. This same 
bearing surface must be provided in every case no matter wliether 
the timber rests directly on the top of the sill or is mortise*! into 
it. Of course the simplest connection is obtained by resting the 
transverse piece directly on top of the sill without cutting either 
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piece; but such a joint is not stiff and strong, and it is often neces- 
sar>' to brin^ the timlwrs flush with each other at the top or at the 
bottom. For this reason a mortised joint is used; and in order to 
obtain the required amount of 
bearing surface without cutting 
the piece too much, the form of 
tenon shown in Fi^. 44 is em- 
ployed. The available bearing 
I area here is furnishwi by the sur- 
I faces D-.l and li-C and it may 
isily lx> s«^¥n that this area is the 
same as would be available if the 
piece rested ilirc<'tly on top of the si!l. 

The (ijM'nitliiii of cutting such a tenon and mortise is known 
as "caininc," and one piece is said to Ix- "pnimil" into the other. 

Trnim-and-Tusk Joint. A joint in very common use in such 
situations as those wliich have just Ix-en mentimicd is a <levflop- 
mciit "f the trained joint which is called the "tenon-and-tusk" w 
the "tusk-tenon" joint. Tliis joint is shown in Fig. 45. The char- 
acteristic feature of this joint is to be found in the peculiar sha|)e of 
,-^..^ the tenon which is cut in the end 

of one of the pic<vs to lie joiiiwl, 
IIS >hown in the figiirv. It may 
U- strii that ihcrc is u small 
s<|uarc tenon H cut in the ex- 
treme criii iif the \>Ktv. and that 
in addition to this there are other 
cuts (' wliieh c»in,-.titute tlie 
"tu>k," l"hc iH-aring area is 
Lut i.uv., I'.,., fiinii-lieil partly by the under 

side of the t.ri-.ii :iiid partly by the uiuler nde of the tusk. 

Tbi- joint niake- a very phhI emuieeiioii, and the cnttiiic of 
the niufti-e rlr^-^ imt we;iki'ii tin- pien- of ii[nl»T so much us ihrs 
the mnrti-i' f.ip a ^::iiii.ii joint. It U e-]«iially appliiiiblc when it is 
de-in-d ti. liave tlie tw.i pieits flii-.li on ti.p. althuupli it may also In- 
u^.l ill other p..,iii,„i-. Wliei. tlie tnp of tlie teuonnl pie.-.- nm>t 
priijeet uImiw till- ti>|) of tiie nmrti^eil jii.iv, the tenon may Ix- cut 
as shown in Fig- l*'- 
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There are several ways of securing the tenon in place. The 
simplest is that shown in Fig. 47, where the pin li is passed through 
the tenon A and the mortised piece so as to hold th,e tenon securely 
in place. Another scheme is to cut the square tenon a little longer. 








as shown in Fig. 4S, so as to pass clear through the mortised piece, 
and to fasten it with a peg B on the other side. The peg may be cut 
slightly tapering, as shown, so that when it b driven in place it will 
draw the pieces together. Still another plan is shown in Fig. 49. 
Here a small hole is cut in the header some distance back from the 
tenon and a nut C is placed in it, while a bolt B is passed through 
a hole bored lengthwise in the header to receive it. The bolt passes 
through the nut, which may be screwed up tight, thus drawing the 
pieces closely together and making the joint secure. In tightening 
this up, it is the bolt which must be turned, while the nut is held 
stationary inside of the square hole in which it is inserted and which 
is just large enough to receive 
the nut and a wrench. 

Double Tenon Joint. Fig. 
50 shows a form of tenon joint 
called the "double tenon" joint, 

which is not very extensively Fig. 49. Bgll«l Tonun-nnd-Tuak Joint 

used at the present time but 

which has some advantages. As may be readily seen, there arc 

two small tenons A and B through which a pin may be passed if 

desired. 

Halved Joini. A form of joint which may be used to connect 
two pieces which meet at a comer of a building, is shown in 
Fig. 51. 
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This is known as the "halved" joint from the fact that both 
pieces are cut half nay through and then placed together. The 
pieces are held in place by nails or spikes 

If one piece meets the other 

near the center mstead of at the 

end of the piece, and if there is 

danger that the two pieces may 

pull an ay from each other, a fonn 

of jomt called the "dovetail" 

hahed joint is used. This is 

shown in Fig 52. Both the 

I tenon and the mortise are cut 

] in the shape of a fan, or dovetail, 

j which prevents the two pieces 

from being pulled apart. This 

joint may also be cut as shown 

in Fig. 53, with the flare on only one side of the tenon, the other 

side being straight. 

Splices. As already explained, a splice is merely a joint between 
two pieces of timber which extend in the same direction, and is some- 
times necessary because one long piece can not be conveniently or 
cheaply obtained. The only object in view, then, is to fasten the 
two pieces of timber together in such a way that the finished piece 





«ill be in ill rtspects <qui\aleiit to a Hiii^le unbroken piece, and will 
satiaf\ all nf the requirements of the unbroken piece, Thb is really 
the oulj measure of the efficiency of a splice. 



CARPENTRY 



55 




[ E3 DoTelail Halved 



There are three kinds of forces to which a piece may be sub- 
jected, namely: Compression, tension, and bending. A splice which 
would be very effective in a 
timber acted upon by one of these 
forces DUgbt be absolutely worth- 
less in a piece which must resist 
one of the other forces. We have, 
therefore, three classes of splices, 
each designed to resist one of 
these three forces. 

Splices for Compression The 
simplest splices are those m- 
tended to re»st compression 
alone, and of these the most 
simple is that shown in Fig 54 
This piece is said to be "fished", 

the two parts are merely sawed off square and the ends placed 
together. A couple of short pieces A'A, called "fish plates," are 
nailed on opposite sides to keep the parts in line. In 
the splice shown in f^g. 54, the splicing pieces are of 
wood, and ordinary nails are used to fasten them 
in place, but in more important work thin iron 
plates are used, the thickness being varied to suit 
the conditions. They are held in place by means of 
bolts with washers and nuts. 

If for any reason it is desired not to use plates 
of this kind, four small pieces called dowels may be 
used, as indicated in Fig. 55. These dowels may be 
set into the sides of the timbers to be spliced, so 
that they do not project at all beyond the faces of 
these pieces and a very neat job may thus be 
obtained. 

It is but a step to pass from this simple splice 
to the "halved" splice shown in Fig. 56. It will be 
noticed that it is much like the halved joint described 
above, the only difference being that the pieces are 
continuous, instead of being perpendicular to each other. The nature 
of the splice will be easily understood from the figure without further 
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explanation. A modification of this which is somewhat more effec- 
tive, is shown in Fig. 57. The cuts are here made on a bevel in such 
a way that the parts fit accurately when placed together, and the 
splice is called a beveled sphce 




Fig 5S Da*re[ed 



F^. 56. Halved Sptioe 



The hahed splice is perhaps the best that can be used to resist 
direct compression and nhen it is combined with fish plates and 
bolts, as shown in Fig 58 it maj be used in cases where some tendon 
is to be expected. It will be noticed that in Fig, 58 the ends of the 
timbers are cut with a small additional tongue A, but this does not 
materially strengthen the splice and it adds considerably to the labor 
of forming it. In general it may be said that the simplest splice is 
the most effective. 





Whenever the pieces are cut to fit into one another, as they 
do in the halved and beveled splices, the splice is known as a "scarf" 
splice, and the operation of cutting and joining the parts is called 
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"scarfing." Scarf splices are used, as we have already seen, both 
alone and in combination with fish plates. The fished splice is always 
the stronger, but the splice where scarfing alone b resorted to has 
the neatest appearance. 

Splices for Tension. There are several common forms ol splices 
for re^sting direct tension. These differ 
from each other mainly in the amount 
of labor involved in making them. The 
simplest of them is shown in Fig. 59, and 
it will be seen that it is only a slight 
modification of the halved splice used for 
resisting compression. It is evident that 
the pieces can not pull apart in the direc- 
tion of their length until the timber 
crushes along the face marked A-B, or shears along the dotted line 
A-C. By varying the dimen^ons of the splice it may be made suit- 
able for any situation. The parts are held closely together by the 
light fish plate shown in the figure, which also incidentally adds 
something to the strength of the splice. 

Instead of cutting the ends of the beams square, as shown in Fig. 
59, they frequently are cut on a bevel as shown in Fig. 60, and a 
further modification may be introduced by inserting a small "key" 
of hard wood between for the pieces to pull against. Fig- 61. This 
key is usually made of oak and may be in two parts, as shown in 




Fig. 59. Rtii 




Fis 00 QeveledSpli 



Fig. 62, eadi part in the shape of a wedge, so that when they are 
driven into place a tight joint may be obtained. The two wedge- 
afaaped pieces may be driven in from opposite sides, the hole 
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Fit. 02. Key for Bevaled and Ka]r«d Joint - 



bdng a little smaller than the key. If the key U made much too 
/ large for the hole, however, a so-called "initial" stress is brought \ 
into the timbers, which uses up some of their strength even before ^ 
any load is applied. This should be 
, avoided. 

If it is desired, two or more keys 
may he employed in a splice, the 
only limiting condition being that 
they must be placed far enough 
apart so the wood will not shear 
out along the dotted line shown in 
Fig. 61. Another feature of the 
splice here shown is the way in 
which the pieces are cut with two bevels on the end instead of 
one. One bevel starts at the edge of the key and is very gradual, 
the other starts at the extreme end of the piece and is rather steep 
and sharp. These bevels can be used only in joints which resist 
tension alone. If such a splice were subjected to compression, the 
beveled ends would slide on each other and push by each other very 
easily, except as they are prevented from so doing by the fish plates, 
if these are used. 

Tension Splice with Fish Plates. The splices for tension which 
have so far been described have all been scarf joints, but there is a 
fished splice which is very commonly used for tension. This splice 
is shown in Fig 63 The fish plates, in this case of wood, are cut 
into the two pieces to be spliced, so 
- as to hold them firmly together. 
t The pieces can not be pulled apart 
until one of the plates shears off 
along the dotted tine ^-£. Thedis- 
tance C-D must also be made large 
enough so that the piece will not 
shear. This splice is very often 
used for the lower chords of the 
various forms of wood trusses, and 
it is considered one of the best that has been devised for resisting 
direct tension. 

Splices for Bending. It sometimes happens that a piece which 




Fig. 63, Tcnaion Splice with Fieh PIglea 
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is subjected to a bending stress must be spliced, and in this case the 
splice must be formed to suit the existing conditions. It b well known 
that in a timber which is resisting a bending stress the upper part 
of the piece is in ccmpressioii, and the tendency is for the fibers to 
crushrwhile the lower part of the piece is in tension, and the tendency 
is for the fibers to pull apart. 
To pro\-ide for this, a form of 
splice must be selected which 
combines the features of the 
tension and compression splices. 
Fig. 64 shows such a splice. The 
parts are scarfed together, as is 
the case with other splices de- 
scribed, but in Uus case the end __ 
of the top piece is cut oflf square 

to offer the greatest possible resistance to crushing, while the under- 
neath piece is beveled on the end as there is no tendency for the 
timbers to crush. 

We have already seen that in the lower part of the splice, there 
is a tendency for the parts to be pulled away from each other. In 
order to prevent this, a fish pUte, A, is used, which must be heavy 
enough to take care of all the tension, since it is evident that the 
wood can not take any of this. TTie plate must be securely bolted 
to both parts of the splice. There is no need of a fish plate on the 
top of the pieces because there is no tendency for the pieces to pull 
apart on top, and the holts shown in the figure are sufficient to pre- 
vent them from being displaced. 

In any case where it is not desirable to scarf the pieces in a 
splice subjected to bending, the form 
of butt joint shown in Fig. 65 may be 
used. The plates, either of wood or iron, 
are in this case bolted to the sides of the 
pieces. If wood is used, of course the | 
plates must be made very much heavier 
than if iron is used. In either case they 

must be large enough to take care of ail the bending stress, and a 
sufficient number of bolts must be used to fasten them securely 
to both parts of the splice. 
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JOINTS AND SPLICES IN JOINERY 

We have considered a few of the most important joints and 
splices used in the putting together of rough framing, and we will 
now take up some of the methods used in the joining together of 
finished work, where more care is necessary and where the joint or 
splice must very often be concealed from view. Much ingenuity 
has been exercised in devising some of these concealed joints^ and 
great credit is due to the workmen, unfortunately unknown^ who 
first invented them. 

Splices. Plain Butt Splice. Fig. 66 shows the simplest kind 
of splice which can be used, similar in principle and construction 
to the butt joint already described. Here the pieces are simply 
planed off square and true on the ends and glued together with 
nothing but the glue to hold them. It is evidently not a very strong 
splice and should not be used where any tension or bending is likely 
to come at the point where the splice is made. 

Splice mith Spline. Fig. 67 shows a splice which is a slight 
advance over the simple butt splice. It is formed by ploughing the 
ends of the pieces to be spliced after they have been finished square 
and true, and inserting into the slot thus formed a third piece, which 
is called a "spline" or a "tongue.'* The spline is about 1 inch or 
less in width, and about | or A inch thick. Its length is regulated 
by the width of the pieces to be spliced together. As will be explained 
later, this form of connection is made use of in the construction of 
the better class of doors. 

Tongtied-and-Grooved Splice. This form of splice is somewhat 
similar to the splice with splines, the difference being that only one 
of the pieces is ploughed, and the other is rabbeted on both sides 
so as to leave a projecting portion called a "tongue** which fits into 
the groove formed by ploughing the other piece and is fastened there 
securely with glue. The tongue should be about | inch thick, and 
should project about the same distance from the main body of the 
piece. The groove in the other piece must, of course, be of corre- 
sponding dimensions. The figures given are for l|-inch stuff, which 
is the most common thickness of lumber used in cabinet work and 
interior finishing. For other thicknesses they should, of course, be 
varied. The tongued-and-grooved splice, Fig. 68, is used extensively 
in flooring. 
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Rai^)€ted Splice, In Fig. 69 is shown what is known as a "rab- 
beted splice." It is similar to the halved splice described before but 
depends upon glue or small mub For its strength. It must be much 
more carefully made than the rough halved splice. As will be seen 
each piece is rabbeted on one side so that when put together they 
fit into each otlier perfectly. The tongue should here be about one 
half of the thickness of the piece and its projection from the main 
body of the piece should be about equal to its thickness. If this 




tongue is made too thin and projects too much, it is liable to curl 
up, as the wood shrinks in drying, and make ugly ridges on the 
finished work besides leaving the splice open. 

Filleted Splice. A form of splice which is little used in this 
country, but which can occasionally be worked to advantage, is the 
filleted splice which is shown in Fig, 70, It is made by rabbeting 
the two pieces to be spliced, as in the case of the rabbeted splice, but 
this time both on the same side, and a third piece called a "fillet," 
idiich is somewhat like the spline in the splice with a spline, is inserted 
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in the hollow space so as to join them together. This prevents any 
possibility of an open joint. The fiDet is gener&Uy made somewhat 
less than one half the thickness of the pieces to be spliced, and is 
about 1 inch in width. 

Baffened Splice. A variation of the filleted splice, which is 
quite generally made use of where great strength is not required 
and it is only necessary to cover up the butt splice neatly, is what 
b called a "battened splice," Fig, 71. As will be seen this con- 




sists simply in covering the butt splice with a small piece called a 
"batten." The batten should be about the same size as that given 
above for the size of the fillet, but can be made laige or small as 
desired. 

Tongiwd-Oroovcd-and-Rabbcted Spike. A combination splice, 
which combines the ad\antagcs of the tongued-and-grooved and the 
rabbeted splices, is shown in Fig. 72. The groove Is ploughed in 
the end of one piece and the tongue is left projecting on the end of the 
other piece while, in addition to this, one of the pieces is rabbeted 
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against the other. The tongue should be about j inch thick and 
should project about the same amount from the end of the piece. 
One piece of the splice should be rabbeted against the other a 
distance of about | inch. This splice is considerably stronger than 
the simple tongued-and-grooved splice, but it is s great deal 
harder to make and b more expensive as regards both material and 
tabor. 

Tongued-GTOoved-andS played Splice. Another variation of 
the tongued-and-grooved splice conasts in the introduction of a 
splay on one side of the tongue and a corresponding splay on one side 
of the groove so that they fit into each other. Fig, 73 shows this 
arrangement. It makes a very neat form of splice and it looks well, 
but it is apt to be less strong than the simple tongued-and-grooved 
splice and much weaker than the tongued-grooved-and-rabbeted 
splice, though stronger than the simple rabbet. This is, of course, 
a very troublesome and expensive form of splice to make, and it is, 
in consequence, seldom used. 

Joints. Miiers. A miter is a joint between two pieces which 
come together at a comer at an angle of ninety degrees with each 
other. Strictly sucli a joint can 
be called a mitered joint only 
,,',\\ \<.'\^::>:;:^s<i>::i:=^^^---- < ^^hen each piece is beveled off so 
MmlU that each will come to a sharp 

\\v IAli edge at the corner. There are, however, a number of 
different methods of cutting the pieces so that they will 
come together in this way. 

The simplest mcthcid is to cut off each piece along the 
edge at a bevel of forty-five degrees, so that when they 
kfi* Joint are put together they will make an angle of ninety de- 
grees with each other. This method is shown in Fig. 74. 
In practice, however, it is very difficult to make a perfect joint of 
this kind. The joint is very apt to open on the outside of the 
comer and leave an unsightly crack there, and great care must be 
exercised to see that the bevels are cut to exactly forty-five degrees, 
as the least variation will cause endless trouble. 

Miter with Spline. A simple mitered joint may be made stronger 
by the introduction of a spline, which is inserted at the joint in a 
direction perpendicular to it. This is shown in Fig. 75. The spline 
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used in this w»y is also known as a "fpather." It strengthens ihc 
joint ver>' considerably, and a joint of this kind is a gnrut tmprove> 
ment over the simple mitored 



joint. The spline or feather 
shonld be about J inch widv 
and about j inch thick. Its 
l.ii;:tli, iif f-ourse, varies with tlie width yf the pir«-s which 
meet at the joint. Great care must lie taken in plough- 
ing out the grooves into which the spline fits, for if they 
arc not exactly the same distance from the comer on each 
of the pieces the finished joint will not be neat and true. 
^'sjjinr"' IttMcled Miter Joint. Tlierc are two or three vari- 
ations of the ^mple mitered joint made by rabl>eting one 
piece on the other at the comer, so that the miter goes only jiart »"«y 
through each piece. One of the.sc joints is shown in Vig. 70, in which 
only one of the pieces is rabbeted and the other piece has a simple 
miter. Tliis form of joint can only be used when one piece is sooie- 
what wider than the otlier, so that it can be rabbet*f! a little and 
still have a miter which wilt match tlie miter on the narrower jiiece. 
If both i»ieces are of the same width, this can not be done. WIkt- 
ever it is possible, however, this joint is an excellent one to use. 

Fig. 77 shows another way of 



rabbeting a mitered joint which 
is much better than the method 
shown in Fig. 7(1. This can be 
dune when Ijoth piece.-* are of the 
lue width or wlien they are of different widths. It is 
-h stronger than the other method but nxguires a little 
mon- mnteriai than the simple mitered joint, as some must 
be cut an'ay from one piece to form the rabbet and thus 
much of the timber is wasted. \'er;" often, however, it 
kiiui juiLt happens that this timber would liave to t>e used in an>' 
ea.He aii<l, when this otxTirs, tlic waste ne«l not be con- 
sidered. The increased strength of the joint would seem lo be 
worth much mon- than tlie small additioiuU amount uf material 
wlii<h i^ rtt|uired. 

liabbfUd-Miteml-andSiilined Joint. In Fig. 7S is shown a j««nt 
wluch is miteml and at the some time rabbeted ajid ^iwd. In on*«r 
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to accomplish this, one piece is cut at an angle of forty-five degrees 
and then rabbeted to the thickness of the other piece. The other 
piece 13 then cut with a miter to 
natch that left on the first piece 
and also cut to match the rabbet. 
Both pieces are ploughed to take 
a spline, and thus a very strong joint is formed which 
combines the advantages of the mitered joint and the 
rabbeted or splined joints. The sphne in this case should 
be about | inch thick and about 1 } inches wide and should, 
m all cases be of hard wood. 

Joini MUered and Keyed. Another way of strengthening 
a mitered joint is by inserting what are known as "keys" 
into the pieces on the outside of the joint. These keys are thin slices 
of hard wood which are placed in slots prepared to receive them and 
held in place by means of glue. As the glue fastens them securely to 
each of the pieces at the joint, they hold them firmly together and 
prevent the joint from opening. Fig. 79 shows a joint of this kind. 
The keys, of course, show on the outside of the joint, but they can be 
cut verj' thin and only the edge of them can be seen. The keys give 
a great amount of additional strength to the connection and are more 
effective than is a spline for preventing the joint from opening, as they 
come right out to the edge of both pieces and can be placed as near 
tc^ther as seems to be necessary. Sometimes, instead of being 
" — ? placed horizontally, or in a plane 

S perpendicular to the edge of the 
joint, they are inclined as shown 
in Pig. 80. This arrangement 
strengthens the joint still more. 
Tenon Joint with Haunch, [n Fig. 81 is shown a form 
of joint called the "tenon joint," with the addition of a 
"haunch" which adds considerably to its strength. This 
joint is used extensively in the making of doors. One 
of the pieces to be joined is rabbeted on each side to 
about one-third of its depth, leaving a projecting part 
called the "tenon" about one-third the thickness of the 
piece. This tenon is then rabbeted on either the top or the bottom, 
but instead of being cut entirely back to the body of the piece, the 
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rabbet is stopped a little short of this and a "haunch" is left. In 
Fig. 81 , .1 is tlie tenon and B is the haunch, Tlic other of the two 





pieces which are to be joined is cut with mortises to receive the 
tenon and the haunch in the first piece. Fig. 81 shows the simplest 
funn of Himpte U-iioii joini, but ihcir urc many variations of Mi, 
two of which are shown in ^fi. 
S2 and S3. Fig- ^- sliows a «ngle 
tenon joint with two tenons, 
uhiU- h'ig. Sl^ shows a double 
(ciiDn joint which has four ten- 
ons, lluth uf thc^ joints Kara 
haunches as well as tenons. The 
one most comroonl.v used is that 
shown in FIk- S2. 

All uf the splices so for ron- 
Miitn-d have been end to md 
^l)liws. that is, they have been 
ilio^- kinds whic4i would be used 
in fti^leninf; piceea together at 
tlte end!), it ofteit becoom M^ 
r\4. Ri T.0OB Jmni ..<h u.uivh casarj-, howewr, to fasten pteoet 




CARPENTRY 



67 



together side by side. Any of the methods already described for 
splices will be applicable in such a case, but there are in addition 
a few others which are especially useful, two or three of which will 
now be described. 

Dfnetail Key. This method consists in the use of a strip of wood 
which is applied to the back of the several pieces to be held together 
and prevented from slipping by means of glue. The strip, however, 
is let into the pieces a little way in a sped&l manner known as dove- 
tailing, which prevents it from pulling out, and gives it an especially 




strong hold on them. Fig. 84 show-S this arrangement both in ele- 
vation and in section. It b useful in making up large panel.s from 
narrow boards. In this method, only one of the pieces must \yc glued 
to the strip, the others being left free to move. 

Another method of accomplishing this same result is by the u^ 
of a strip which sets against the back of the pieces to Ik; joined, hut 
is not let into them at all, Fig. S5. It is held in place by means of 
screws which go through slotted holes in the strip. This is in order 
that the pieces may have a chance to swell or shrink without bulg- 
ing or splitting. It is usually customary to employ brass slots 
which are let into the wood. Thesi- ri-sist much licttcr the wear of 
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the screws and prevent them from working loose. If, however, the 
strip is of very hard wood this is not alwa>'s necessary, 

A third method is that shown in Fig. 86. Thb is sometimes 
called the "button" method on account of the use of the small 
dde pieces or buttons which fit over the center strip and hold the 
pieces of board together, at the same time allowing them to swell 
or shrink freely. Only the small pieces are screwed to the boards. 




the center strip being fastened to one of the pieces only. This 
arrangement takes up a little more room than the others and 
looks somewhat more clumsy but is quite satisfactory otherwise. In 
all three of the methods described, the strip should be from 3 to 4 
inches wide. 

IhicrtniUug. There is another way of joining two pieces meet- 
ing at right angles, and it is better and stronger than any other but, 
on accoiutt of the work involvt^l in the process of making the joint. 
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is seldom used except in the beat work. This method is known as 
dovetailing and there are three different ways of arranging the dove- 
taib as will be shown. The first is the dmpte dovetail which is illus- 
trated in Fig. 87. As will be seen, it con^sts in cutting tenons in the 
end of one piece and mortises in the end of the other piece, which are 
of such a shape as to form a sort of locking device, so that the pieces 
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can be separated only by a pull in one particular direction. The use 
of glue makes the joint still stronger. Of course, the forming of a 
joint of this kind requires a large amount of time and considerable 
skill. 

A variation of the ^mpte dovetail joint which is mucli used in 
the manufacture of drawers and in any other position where it is 
de^rable that the joint shall be concealed from one Hide only, is 
shown in Fig. 8S. This is called a lap dovetail, its peculiarity 
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consisting in the fact that in one of the pieces the mortises are 
not cut the full thickness, but only partly through the wood, 
so as to leave a covering or lap, which prevents the joint from 
being seen. 

A further development of the dovetail joint is shown in Fig. 89. 
In this case the work is so arranged that the jomt can not be seen 




Bioding Boards Together 



from any side of the finished product. This is accomplished by 
cutting the same tenons and mortises as in the case of the simple 
dovetail joint, but not directly on the end of the pieces. They 
are su cut as to project at an angle of forty-five degrees, and thus 
to form a conibinatinii of the miterod joint and the dovetail joint 
with the tenons and mortises entirely out of sipht when the pieces 
have been put together. This joint is obviously not so strong as 
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Wig. 87. Simide Dowtail 



Fil. 8S. Lap DoveUil 
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are the other forms of dovetail joiiita because the tenons arc not 
so large. 

WALL 

t«t us next consider the framing of the walls of a wood or frame 
building. In tliis work there are two distinct mellnid.sof pr«>ceduR', 
known, respectively, as "braced framing" and "balloon framing," 
of ififhich the first is the older and the stronger method, while the 
second U a modern development 
and claims to be more lo^cal and 
at the same time more ei-onom- 
ical than the other. Balloon fram- 
ing has come into use only tintx 
aliout the year 1S.")0, and it b 
still renardeti with disfB^'0^ by 
man\' architects, especially by 
those in the eastern states. Pig». 
90 and 91 show tlie framing of 
one end of a small building by 
each of the two methods, the 
bractxl framing in Fig. 90 and 
tlie balloon framing in Pig. 91. 
Braced Frame. In a full-brac<- 
ed frame all tlie pieces should be 
fastened together with murtuv- 
and-tenon joints, but tJib te- 
qiiirenient is much mixlifird in 
common practice, a so-t-aileri 
"comljination " frame bt-iii|t turd 
in which some pieces arc mortised together and others an- fastened 
bj' means of »pikes only. \ framework Is constructed coiubfting 
in each wall of the two "conier posts" AA, F^g- i*". ^ "sill" B. 
and tlie "plate'T, togetlier with a horiwintal "jtirt" D at eadi -itory 
to support the flours, and a diagonal "bncr" E at roch ciirm?, 
which, by keeping the corner .square, prevents the frame frutn 
l»ein(t distort (-(I. 

Balloon Frame. In a lialloon frame there are no hraecs nr girt*, 
and the intenuediHle studs FFF, Fig- 91< ur earned straight up 
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from the sill fi^ to the [d&te K, with a light horizontal piece J, called 
a "ribbon" or 'ledger board," set into them at each floor level to 
support the floor joists. This frame depends mainly upon the board- 
ing tor its stiffness, but sometimes light diagonal braces are set into 
the studs at each corner to prevent distortion. The methods by 
which all these pieces are framed together will be expluned in detui 
under the proper headings. 

Sill. The sill is the first part of the frame to be set in place. 
It rests directly on the underpinning and extends all around the 
building, being jointed at the 
comers and spUced where neces- 
sary; and since it is subject to 
much cutting and may be called 
upon to span quite considerable 
openings (for ceUar windows, etc.) ' 
in the underpinning, it must be 
ofagooduze. Usually it is made 
of 6 X fr4nch square timber, but 
in good work it should be 6 X 8 
inches and nothing lighter than 
6X6 inches should be used ex- 
cept for piazza sills. For piazza 
alls a 4 X &4ncb timber may be 
used. Hie material is generally 
spruce, although sometimes it is 
Norway pine op native pine 
(depending upon the locality). 

The sill should be placed on 
the wall far enough back from 
the outside face to allow for the water table, which is a part of tlic 
outsde finish, which will be described later; and 1 inch should he 
regarded as the minimum distance between the outside fai-e of the 
eoU and the outsde face of the underpinning, Fig. 92. A bed of 
mortar A, preferably of cement mortar, should i>e prepared on the 
top of the underpinning, in which the »ill C should rest; and the 
under ade of the sill should be painted with one or two coats of 
linseed oil to prevent it from absorbinf; moisture from the mnsonrv. 
In many cases, at intervab of from 8 to 10 feet, long IkiIIs H are 
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set into the masonry. These bolti extend up through holes bored 
in the sill to receive them and are fastened at the top of the nl) 
by a warier and a out screwed down tight. They fasten the siil. 
and consequently the whole frame 
securely to the imderpinning, 
and should always be prov-ided 
in the case of light frames in 
exposed positioni*. 

Tlie iN-ams or "joists" D, 
which form the fnunen'ork at 
the first floor, are supported at 
one or Imth ends l>y the sill 
and may be fastened to it in 
any one of sevend difTcrent 
ways. TTie idt-al method l* to 
nang thL joist in a patent iron lianger fastened to the »il], as shown 
in Fig QJ «here i is the sill B the joist, and C the hanger. In 
this case neither the »ill nor the joi'-t need be weakeni-d by cutting, 
but It 13 too expcnsixe a method for ordinary- work, although 
the saving in lalxir largih ofT<tits the rost of the hanger. The 
usual method it to tut a mortise in t)ic sil to receive a teaoa cat 
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in the end of the jpist, a.s shown at ^ in Fig. 94. The t 
cut in the inside upper comer of the sill. TTiej- air about 4 Indiei 
deep and ait 2 inches into the width of the sill and are fixed in 
position by tjir spadng of the joists. 
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Mortises are also cut in the sill to receive tenons cut in the 
lower ends (A the studs, aa shown at B in Fig. 95. Tlie,v arc cut the 
fuU thickness of the studding, about 1| inches in the width of the sill 
and about 2 inches deep. The position of these mortises in fixed hy 
the spadng of the studding, and by the condition that the outer 
face of the studding must 
be flush with the outer face 
of the aH in order to leave 
a plain surface for the board- 
ing- 

Tbe sills arc usuallv 
halved and pinned tt^her 
at the comers, as shown m 
Fig, 96; but sometunes they 
are fastened together by ^'' '" 
means of a tenon A cut in one sill which fits into a innrtist (ut in 
the other, as shown in Fig 97 This method iiia\ Ik stroiiKcr than 
the other, but the advantage gained h not sufhLRiit to (ompmMte 
for the extra labor involved Silts undt r 20 fett in kn^rth she iild be 
made in one piece but in some caits spliLinfr mav be neifssarv 
In such cases a scarf joint should alua\'^ ht usid the splu-t 'iliould 
be made strong, and the pieces should be well fitted tn^ctlior. 
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In some parts of the country it is custtiiiinry to "builil ii])" 
the sill from a numljer of planks 2 or :i imhrs liiick. wliich arv spikcil 
securely together. A iiXO-iiich sill can hv uiiuk' in this way from 
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thret* planks 2 inches thirk and H inches wide, as shown in Viz. 9^ 
Planks of any Uii^h may \ye used, and may be 50 arraniKd as to 
break joints with au'h other in order that the sill may be coDtinuous 

without splicing. It is often 
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and cheaper to build up a siD in 
this way than it is to use a 
large, solid timber, and if the 
parts are well spiked together, 
such a sill is fully as good as the 
other. When a sill of thU kind 
is used, however, it shiHild alwavs 

■ 

Ih' placi^il on the wall in such a 

\va\ that thi- i>laiik- of whirh it is (H>m{)osed will rest on their edges^. 
aihi [iot lie flat. 

Corner Posts. After thr sill is in place, the first fltx>r b usually 
franit«l ami rouirhly i-ownnl at once, to furnish a surface on which 
tn wurk. ami a >lultrntl placv in the cellar for the storage of tools 
:in<l mattriaU. afiiT whit h the framing of the wall is continued. The 
rnrm r pn-^t^ ;irf fir^t >i't up, thru the girts and the plate are framed 
ill I.I twr. n iIhmi. uiiii tiu" hraci^s at the comers t(» keep everjlhing 
III pl.h t . .iMii l.i-tl\ tlu- franu" i^ filled in with studding. The conR-r 
[M.I ;ir. pill! - I • s iinlH'<. or M>mctimcs two pii'ces 4X4 inchrs 
j.I;H.i| . !•■ i Ti.^'iTlur <'i»riuT po^ts must Ik* long enough to reach 
ir.-m ill ,11 lit tIi. pl;itr. Tlif po^t i> really a part of only one of the 
• .. w <li V 'i. '• 111. I T ;it tin- inrinT. aiid in the other wall a "furriiij: 
1 1 1. 1 . t 1 •• . 'i :;i' i- pluii'*! rjoM' up apiiuM the |x»>t m» a? to 
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-I . <- I .i tinn iiiiilinL: for the hithini; in both 
!."\M. Ill plan in Ki^r. W, A \< the (x>nier 
111 f ill |.l.i-tfTliiL:. ami /> the bivinlink: ainl 
• <*i il. -.Ill II I Mill- :i I " }-ineli pitHv is UM*d for 
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the comer post and a 2X4-mch furring stud is set close against it in 
each wall to form the soUd comer, sa shown in plan in Fig. 100; but 
a 4X4-inch stick is hardly large enough for the long corner post, 
and the best practice is to use a 4 X S-inch piece although in very light 
framing a 4X6-inch piece might be used. A tenoh is cut in the foot 
of the comer post to fit a mortise cut in the sUl, and mortises CC, 
Fig. 101, are cut in the post at the proper level to receive the tenons 
cut in the girts. Holes must also be bored to receive the pins DD 
which fasten these members to the post. 

The braces are often only nailed in place, but it is much better 
to cut tenons on the braces for pins, as shown at A in Fig. 102. The 
plate is usually fastened to the posts by means of spikes only, but 
H may be mortised to receive a tenon cut in the top of the post. 
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In the case of a balloon frame no mortises need bi* cut in the 
posts for the girts or braces, as they are omitted in tliis frame; but 
the post must be notched instead, as shown in l-'i^. 103, to receive 
the ledger board or ribbon and the light braces which art- Bometiines 
used. 

Qirts. The girts are always made of the same width as the 
posts, being flush with the face of the [Hist both outsido and inside, 
and the depth is usually 8 inches, although sometimes a (>-intli timber 
may be used. The azc is, therefore, usually 4X8 inches. A tenon 
at each end fits into the mortise cut in tlic post, and the whole is 
secured by means of a pin DD. as shown in Fig. 101. The pin 
abould always he of hard wood and about I inch in diameter. 
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evident that if the girts in two adjoining walls were fnoml 
Lhe comer post at the s 
conflict with each other. For this r 



p level, the tenons on the two (firt» 
1 the girta A which 
run parallel with the floor joists are raised above the 



and 



called 



girts B on which these joints n-st, 
"raised girts" to distinguish them from the others which 
are called "dnipjx>ci girts." The floor joists are carried 
by the droppeil girts, and the raised girts are so placed 
that they arc just flush on top with the joists which 
are parallel to them. 

Ledger Board. The heavy girts are used on!}- in 
the bniced frame. In the balloon frame, light pieces 
culled "ledger boards" or "ribbons" are substituted for 
__ them. These are usually made about { inch thick and 
"^S wHfio^' 6 or 7 inches deep, and are notched into the posts and 
Fnntoc intennediate studs instead of being framed into them as 
in the braced frame. This notching is shown in Fig. 104, on wlucb A 
is the ledger l>oard and B the stud. The Uilger boards themselves art 
not cut at oU, but the floor joists which they carr>- are notched over 





them, as shown in Pig. 105. and spiked to thirm and to the stw 
In Fig. nr>. A It the joist. It the ledger \nvml, and (' tlte stud. 
in tiir braced Irame a Intger huani is usually employed to » 
the joists of ihe attic floor, which carry little or no weight- TV 
disadvantage of the ledger board is that, as a tie brtwnn the cortwr 
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posts, it is less effective than the girt, and consequently a wall in which 
it has been substituted for the girt b not as stiff as one in which the 
girt is used. 

Plate. The plate serves two purposes: First, to tiethestiiddtng 
together at the top and form a finish for the wall; and second, to 
furnish a support Tor the lower ends of the 
rafters. See Fig. 106. It is thus a connect- 
ing link between the wall and the roof, just as 
the sill and the girts are connecting links 
between the floors and the wall. Some- 
times the plate is also made to support the 
attic floor joists, as shown in Fig. 107, in ' 
which .4 is a rafter, B the joist spiked to the 
rafter, C the plate built up from 2 X 4-inch 
pieces, and D the wall stud. It acts in this 
case like a ^rt, but this aiTangement is not •*'"■'*" *'""'* ""'' "adow 
very common, the attic floor joists usually being supported on a 
ledger board, as shown in Fig, 105, The plate is merely spiked to 
the comer posts and to the top of the studding; but at the corner 
where the plates in two adjacent walls come together, they should he 






Fi«. 107. Plate u Support Fig. 10( 

for Atlic Floor 

connected by a framed joint, usually halved together in the same way 
as the sill. In the braced frame, a fairly heavy piece, usually a 4X(> 
inch is used, although a 4 X 4 inch is probably sufficiently strong. 
In a balloon frame the usual practice is to use two 2 X 4-inch pieces 
placed one on top of the other and breaking joints, as shown at A 
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in Fig. 108, in order to form s continuous piece. The emma pi 
is then formed, as shown at B. No rutting is dune ao the pi 
except at thf tfirners, the rafters and the attic fiotw joists baiif i 
over it. as shown in Figs. 107 and 109. 

Braces. Braces are used as permanent parts of tW SO9t0 
only in braced frames, and serve to stiffen the wall, to keep Uke « 
ners square and true, and to prevent the frame from being d 
by lateral forces, such as n-ind. In a full-bnieed fnune, » bnce » 
placed wherever a sill, girt, w fUxx aaba 
an angle with a comer post, as sbuwn at E 
in Fig. 90. Braces arc placed so as to Bake 
an angle uf forty-five degrees nitb the poM. 
and should be long enough to fnune latB 
the comer post at a height uf from ooe-tkM 
to one-half the height of the stoty. Hm 
eonstruction is often niodifin) in pnctxx, 
and the braces are placed as shown at ^ in 
I-lg. 100. Sucli ■ frame is not quite to stiff 
and strong a.t the r^ular braced frame, bwl 
it is sullidently strong in most cowa. 

The bnuvs are made the ume wicbh M 
the posts a]]d girts, usually 4 inches, to be 
(lush witli these pieces both outside and msidr. 
and are made of 3X4-inch or ■lX4-inch rtuff. 
llicy lire fnimed into the posts and ginkn 
or sills, by means of a tenon rut in tbe Old 
uf the bntee, and a mortise cut in the poit 
or (^, and are stvural by a hardwuod poL 
Tlif pin nhould he J or | inch in ilinnieter. The cooDectkio ii 
ntiown in F\g. 102. 

In n liulitHin frame there are no permanent braces, but Eght 
•tfiiw iirr- niiilcd ucn»s» the wmer* while the fraiuework b bant 
ml liffun' the bitarding lias iM-en put on. to keep the fnine 
An noon M the outside Ixianling U in place these oi* 
'Iliui practice in bLw modified, and sonl<>tiffl<^» ligiit brwa 
>« |H-rmanenl |mrts of even a balloon frame. They are nnC 
framrxl ii)i>> the iillier menilH-n. however, but are merely notched 
ItiU) ihoni and xpiked, aa shown io Fig. 110. ^ is the brace. B the 




CARPENTRY 



81 



sill, C the comer post, and DD are studs. In such a case every 
stud must be notched to receive the brace, which is really the same 
as the temporary brace mentioned above, except that it is notched 
into the studs instead of being merely nailed to them, and is not 
removed when the boarding is put on. These braces are usually 
made of IX 3-inch stuff. 

Studding. \Vhen the sill, posts, girts, plates, and braces are in 
place, the only step that remains to complete the rough framing of 
the wall is the filling in of this framework with studding. The stud- 
ding is of two kinds, viz, the heavy pieces which form the frames for 
the door and window openings and the stops 
for the partitions; and the lighter pieces 
which are merely "filling-in" studs, and are 
known by that name, or as "intermediate" 
studding. 





I^ 111 CoiiBtruction ..t 
Door ind Window Fraimi. 



Tbe frames for the door and window openings arc usually made 
in a braced frame, from 4X4-inch pieces. A vertical stud .1,1, 
F^. Ill, is placed on each side of the opening, the proper distance 
being left between them, and horizontal pieces BB are framed into 
them at a proper level to form the top and the bottom of the opening. 
In all good work a small truss is formed above each opening by set- 
ting up two pieces of studding CC over the opening, in the form of 
a triangle. This is to receive any weight which comes from the 
studdmg directly above the opening, and to carry it to either side 
of the tqiening where it is received by the studding and in this way 
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carried down to the sill. Such a truss is shown in Fig. 111. The 
pieces used are 3X4 inches or 4X4 inches, and may be either framed 
into the other members or merely spiked. There should be a space 
D of at least 1 Inch between the piece B forming the top of the 
window frame and the piece E forming the bottom of the truss, so 
that if the truss sags at all it will not affect the window frame. This 
is a point that is not generall\' recognized. The piece B is usually 
made to serve both as the top of the window and bottom of the truss. 




Fig. 112 shows the framing for tlie top of a window opening in 
a balloon-framed building, where the ledger board is partly sup- 
ported by the studs dhectly over the opening. Since the floor joists 
rest on the ledger board, there may be considerable weight trans- 
ferred to these studs; and in order to prevent the bottom of the 
truss from sagging under this weight, an iron rod should be inserted 
as shown. 

In the balloon frame, the door and window studs are almost 



CARPENTRY 




''i*. 113. Door and Wb- 
dow Studs in Bk" 



always made of two 2X4-inch pieces placed close together, and in 
this case the connection of the piece forming the top and bottom 
of the frame with those forming the sides is made as shown at A in 
I^g. 113. It should be noticed that in a balloon frame all studding 
b carried clear up from the sill to the plate, so 
that if there is an opening in the wall of the 
first story, and no corresponding openings in 
those of the second or third story, the door 
and window studding must still be carried 
double, clear up to the plate, and material 
b thus wasted. In designing for balloon 
frames, therefore, it is well to take care that 
the window openings in the second story 
come directly above those in the first story 
wherever this is possible- The same difficulty 
does not occur in the case of a braced frame, 
because in such a frame the studding in each 
story is independent of that in the story 
above or below it; the window openings may, therefore, be arranged 
independently in the different stories according to the requirements 
of the design. 

Nallii^ Surfaces. Whenever a partition meets an outside wall, 
a stud wide enough to extend beyond the partition on both sides 
and to afford a solid nailing for the lathing must be inserted. A 
nailing surface must be provided for the lathing on both the outside 
wail and the partition, and the first stud in the partition wall is, 
therefore, set close up against the wall stud, forming a solid comer. 
Thb arrangement is shown in 
plan in Fig. 114. The large wall 
stud A b usually made of a 
4X8-inch piece set flatwise in 
the wall, so that if the partition 
b, say 4 inches wide, there is a 
clear nuling surface of 2 inches 
on each side of the partition. A 4 X 6-inch piece could also be used 
here, leaving a clear nailing surface of 1 inch on each side of the 
partition. 

Sometimes the same thing is accomplished by using two 
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4X-Mnch pieces placed close together, as shown in plan in Fig. 115, 
instead of one4X8-inch piece. Sometimes two pieces, 2X4 inches or 
3X4 inches, are used, placed far enough apart so that they alTunl. a 
space for nailing on eacli side of the partition, as ^ovni in plan in 





ni- lie. Pi*dM<iiax*8M^u 

Girt SaUTiK Suriae* 



Fig. llti. Whenever tliis is done, small blocks A, ^'1K. 117. sliouM 
be set in between the two studs at inter\'als of 2 to .1 feet tlirouf^hont 
their entire height in order to give them mlded stiffness and make 
them act together. 

The end in view in every case is to obtain a solid comer on estch 
side of the partition where it joins the wall, nnd any construction 
which accomplishes this is good. In the best work, howe\Tr, the 
4X8-iiich solid piece is used, and this construction can alwa>-5 be 
depended upon. It makes no differenii; what the an^le between the 
wall ami the |mrtition may be, 
but usually ttm angle is a ri^t 
angle. 

Intermediate Studding. The 
pieces which make up thr laiicest 
part of the wall friinie are the 
"filhng-in" or "intermediate" 
studs. These, as the iiamr im- 
plies, are use<) merely t» Bll up 
the frame made by the other 
heavier pieces, and alTiml a nail* 
ing surface fur tliv bdarding. 
which covers the frame o» the 
out^de, and the Intjiitig, which 
covers it on the inside. The fill- 
inche^ a|ian, measured from the 
stud to the center of the next. In e9[>eriall)' good 
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work they are sometimes placed only 12 inches apart on centers, but 
this b UDUsual. In no case should they be placed more than 16 
inches apart, even in the lightest work. The studs are made the 
fuir width of the wall, usually 4 inches, but sometimes in large 
buildings (such as churches) 5 or even 6 inches and their thickness 
is almost always 2 inches, 2X4 inches being the more usual dimen- 
^ons. The lengths of the intermediate studs are made to fit the rest 
of the frame. 

In the braced frame, there must necessarily be a great deal of 
cutting of the intermediate studding, because all the largt! pieces are 
mode the full width of the wall and the intermediate stud- 
ding must be cut to fit between them. In the balloon 
frame, however, the intermediate studding in all cases 
extends clear up from the sill to the plate, and no cut- 
ting is necessary except the notching to receive the other 
parts of the frame. See Fig. 91. ^ 

In a balloon frame it often happens that the studs are 
not long enough to reach from the sill to the plate and 
they must be pieced out with short pieces which are 
spliced onto the long stud. This splicing is called "fish- 
ing," and it is accomplished by nailing a short thin strip 
'suId'miJl*' ^ wood AA on each side of the stud, as shown in Fig. 54, 

Tenon ^ ordcr to joiu the two pieces firmly to- 
gether. The strips should be well nailed to each piece 
in order to give the required strength. 

All door and window studs should have a tenon cut at 
the foot of the piece to fit a mortise cut in the sill. Inter 
mediate studs are merely spiked to the sill without being 
framed into it. The tenons are cut in two different ways 
as shown in Figs. 118 and 119. They are always made 
the full thickness of the piece, and by the first method 
they are placed in the middle of the piece, as shown. 
The width of the tenon is about 1) inches, leaving 1 ^ inches 
on the outside and 1 inch on the inside of the stud. inS?mJdPai- 
Another way is to make the tenon on the inside of the '^'TetUin'' 
stud, as ^own in Fig. 119, the tenon being Ij inches 
wide as before. There is no choice between these methods, both 
being good. 
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■ PARTITIONS 

The studding used in partition walls is usually of 2X 4-inch stuff, 
although 2X3-inch studding may sometimes be used to advantage if 
the partition does not support any floor joists. 

Furring Walls. The partition walls are made 4 inches wide, the 
same as in the outer walls, except in the case of so-called "furring" 




Plan ShowinB PiMtm A] 



PlMtm Apidivd Direotty to ChimDty 
BrickwarE 



partitions. These are built around chimney breasts and serve to 
conceal the brickwork and furnish a surface for plastering. They 
are formed by placing the studding flatwise, in order to make a thin 
wall; and as it is usually specified that no woodwork shall come 
within 1 inch of any chiinnej', a 1-inch space is left between the 
brickwork and the furring wall. It is possible to apply the plaster 
directly to the brickwork, and this is sometimes done, but there is 




always danger that cracks will appear in the plastering at the comer 
A, Fig. 120, between the chimney breasts and the outside wall. This 
cracking is due to the unequal settlement of the brickwork and the 
woodwork since the plastering goes with the wall to which it is 
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applied. The method of constructing a furring wall is shown in 
plan in Fig. 121. AA are the furring studs, B is the plastering, 
and CC the studding in the outside wall. The arrangement without 
the furring wall is shown in plan in Fig. 120, If there are any open- 
ings in the furring wall, such as fireplaces, or "thimbles" for stove 
pipes, it is necessary to frame around them in the same way as 
was explained for door and window openings in the outside walls. 
See Fig. 122. AA are furring studs, BB are pieces forming the top 
and bottom of the opening. 
If the outside walb of 
the building are of brick 
or stone, a wood "furring" 




wall is usually built just inside of the outer wall ; this furnishes a 
surface for plastering and for nailing the inside finish. The stud- 
ding for these walls is 2 X 4 inches or 2 X 3 inches or 1x2 inches 
set close up against the masonry wall and preferably spiked to it. 
See Fig. 123. Spikes are usually driven directly into the mortar 
between the bricks or stones of the wall, but sometimes wood blocks 
or wedges are inserted in the wall to afford a nailing surface. 

Wherever a wood partition wall meets a masonrj' exterior 
wall at an angle, the last stud of the partition wall should be securely 
sjuked in the masonry wall, to prevent cracks in the plastering. 
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C^ and Sole. Ail partitioa walls are Gntsbed at tbr top an) 
bottom by horizontal pieces, called, respe<4ivel>', the "cap" and tlie 
"sole." The sole rests directly on tbe rough flooring whenever ifaoe 
» no partition under tbe ooe which is being buitt; but ifJtt^^ ' 
partition in the atorv below , the cap trf the lower partit ion is used 
I m» the Mile fortheLone above. The sole b made wider tbantbe stud* 
' ing forming the partition wall, so that it projects somewhat oo each 
Bide and gives a nailing surface for the ptastcrOT's grouDda and fortlw 
inside finish. It is usually made about 2 inches thick and &) iwrbes 
wide, when the partition is composed of 4^nch studding, and this 
leaves a nailing surface of J of an inch on each adc. Tbe sole is 
shown nt B in Fig. 124. Tlie cap is usually made the same width ai 
the Ntudding, and 2 inches thick, so that a 2 X 4-inch piece may be 
oaed in most caaes; but if tlie partition is called upon to suppcvt the 



I' 

I floor beanu of the floor above, the cap may liave to be made 3 or 

■ even 4 inches thick, aitd some architects favor the use of hard wood 

B such aN Georgia pine for the partition caps, llie cap is shown at A. 

I Fig. 125. 

^L BridgUif. In order to stifTen tbe partitions, abort |»ecrs vl 

^^^* Bttidding are cut in between the reguUir studding in such a way aa to 

^^^B connect each piece ivitli the pieces on each siile of tt. Thus, if one 

^^^ piece of studdinf; is for any reason exccswvcly loaded, it will not ha%T 

V to cnrrj' thi- whole load alone but will l>e assisted by tbe other pircn. 

^^ Tliis operation is catlnl "bridging," and there arc two kinda, which 

L 
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may be called "horizontal bridging" and "diagonal bridging." The 
horizontal bridging conmsts of pieces set in horizontally between the 
vertical studding to form a continuous horizontal line across the wall, 
every other piece, however, being a little above or below the next 
piece as shown in Fig. 126. The pieces are 2 inches thick and the full 
width of the studding; and in addition to strengthening the wall, 
they prevent fire or vermin from passing through, and also may be 
utilized as a nailing surface for any inside finish such as wainscoting 
or (Jiair raUs. 

The second method, which we have called diagonal bridging, 
is more effective in preventing the partition from sagging than is the 




straight bridging, but both methods may Jbe used with equal pro- 
priety. In the diagonal bridging the short pieces are set in diagonally, 
as is shown in Fig. 127, instead of horizontally, between the vertical 
studding. This method is certainly more scientific than the other, 
noce a continuous truss is formed across the wall. 

All partitions should be bridged bj- one of these methods, at 
least once in the height of each story, and the bridging pieces should 
be securely nailed to the vertical studding at lioth ends. It is cus- 
tomary to spedfy two tenpenny nails in each end of eacli piece. 
Bridging should be placed in the exterior walls as well as in the 
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partition walls; and as a furtbrr precaution against fire, it is good 
practice to lay three or four courses of brickwork, in mortar, on tbs 
top of the bridging in all walb, to present the fir? frooi gaining beail- 
way in the wall before burning through and being discovered. This 
construction l-i shown in Fig. 128. 

Special Partitions. A partition in which there is a sliding door 
must be made double to pro%'ide a space uilo which the door may 
slide when it is open. Hiis k 
done by building two walla far 
enough apart to allow the door 
to slide in between tbcm. the 
studding being of 2 X -1-inch M 
2 X 3-inch stuff, and pUcvd either 
fiatwise or edgeK'ise in thr wall. 
If the studding is pbced Bat- 
wise in the wall a tliinner wall 
is possible, but the constmctioa 
b not so good as in the 
where the studs . 
wise. If the partition is 
port a floor, one wall 

nupport it, and tlic studs in the other wall may then be placid 
flatwise if desired, and tlie floor supported entirely oo the thick 
wall. The geucrul arrangement is shown in plan in Fig. 139, It b 
better to use 2 X 4-inch stiidiling set edgewise in each wall so as to 
make two 3-inch walls with space enough betweeo to aJkw tbs 
door to slide freely after the 
pocket has been lined with 
shcathuig. 

A piece of studding A. 
Fig. 130. should Ik- cut in hori- 
zontally between each pair of 
studs It, 8 or 10 inches alwve 
the top of the door in order to keep the pocket true and square. Tlw 
pocket >huuld Ik- lined on the inside with matched sheathing C. 

It i> well knon-n that onlinary partitions are very good con* 
ductors of sound ; and in certain cases, as in teonncnt bouses, this it 
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objectionable, so that special construction is required If tno walls 
are built entirely separate from each other and not touching at any 
place, the transmission of sound is much retarded and if heavy felt 
paper or other material 13 put in between 
the walls, the partition is made still more 
nearly soundproof. In order to decrease 
the thickness of such a wall as much as 
possible, the "staggered" partition is used 
in which there are two sets of studding 
one for each side of the wall, but ar 
ranged alternately instead of in pairs 
as in the double partition. The arrange- 
ment is shown in plan in Fig, 131 The 
two walls are entirely separate from each 
other and the felt paper may be worked 
in between the studs as shown or the 
whole space may be packed full of some 
soundproof and fireproof material such 
as mineral wool. There b a so-called 
"quilting paper" or "sheathing-quilt 
manufactured from sea weed, which is much used for this pur- 
pose. The inside edges of the two sets of studs are u uallj placed 
on a line, making the whole wall S inches thick w here 4-inch studding 
b used, and the studs may be placed about lb mthoa on cen- 
ters in each wall. Each set of studding should be bridged sep- 
arately. 

Another case where a double wall may be neces arv is where 
pipes from heaters or from plumbing fixturts are to be earned in the 
^all In cabe rf hot pipes, 
care must he taken to have 
the space large eiioiij.li bo that 
the no««ln()rk will not come 
dangerou l\ near the pipts. 
An important matter in connection nith the frimni)., of the 
partitions is the way in which they are supported but thi iiu olvcs 
knowledge of the framing of a floor and therefore it will be left for 
the present. It will be taken up after wc hive cotiaidtrcd thi fkHir 
framing. 



; 130 Dela li o[ Bndns In 



h Sticgir Studding 



92 



CARPENTRY 



SHRINKAGE AND SETTLEMENT 

An important point wiiich must In.- coiisidi-rcd in connection 
with the framing of the walls and partitions, is the settlement due tu 
the shrinkage of timber as it seasons after being put in placv. Tim- 
ber always shrinks considerably ACROSS the grain, but ver>' littk- 
in the direction of the grain; so it is the horizontal members, such as 
the sills, girts, and jobts, which cause trouble, an<l not the vertioJ 
members, such as posts and studding. Everj- inch of horizontal 
timber between the foundation wall or interior pier and the plate it 
sure to cnntract a certain amount, and as the walls and iiartitions 
arc supported on tliese horizontal members, they, too, munt .wltle 
somewhat. If the exterior and interior walls settle by exactly the 
same amount, no harm will be done, since the floors and ceilings will 
remain level and true, as at first: but if they settle unequally, all the 
levels in the building will be disturbed, and the result will be crack- 
ing of the plastering, binding of doors and windowa, and a gcner*) 
distortion of the whole frame, a condition which must l)e avoided if 
possible. 

It is evident thiit one way to prevent uncfiual settlement, so 
far at least as it is due to the slirinkage of the timber, b to make the 
amount of horizontal timber in tlic exterior and interior walls equal. 
Tluis, starting at the bottom, we have fmm the inasonr>' of the founda- 
tion wall to the top of the first floor joists in the out:ude walU 10 
inches, or the depth of the joists themselves, since iJicsc rest directly 
on the top of the wall. In the interior, w have, if the joints are 
framed flush hito a girder of equal depth, the same amount. 90 that 
here the settlement will be equal. But the stud<tiiig in the ertrriof 
wall rests, not on the top of the joists, hut on the top of the r>>indi | 
sill, while the interior studding rests on top of the 10-inch girder. 
Here is an inequality of 4 inches which must be equali^H! before 
the second floor level b reached. If the outer ends of the sccomi- 
floor joists rest on the top of an R-i»ch girt, and the inner ends ua ■ 
4-inch partition cap, thb equalizes the horizontal timber inside and 
outude, and the second flixtr i^ safe against .settlemenL The tuune 
process of equalization of the horizontal timber may be continued 
for each floor up to the top of the building, and if tltb b carefully 
done it will go far toward prc%-eiiting the e\-ils rcsultin^t from srtt^ 
mcnt and shriukoge. 
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With a balloon frame this can not be done, because there are 
no girts in the outside wall, but only ledger boards which are so fas- 
tened that they can not shrink, while in the interior walls we have 
still the partition caps. All that can be done in this case, is to make 
the depth of the sills and interior girders as neariy equal as possible, 
and to make the partition caps as shallow as will be consistent with 
safety. 

FLOORS 

After the wall, the next important part of the house frame to 
be considered is the floors, which are usually framed while the wall 
is being put up and before it is finished. They must be made not 
only strong enough to carry any load which may come upon them, 
but also stiflf enough so that they will not vibrate when a person walks 
across the floor, as is the case in some cheaply-built houses. The 
floors are formed of girders and beams, or "joists," the girders being 
large, heavy timbers which support the lighter joists when it is impos- 
sible to allow these to span the whole distance between the outside 
walls. 

Qirders. Girders are generally needed only in the first floor, 
since in all the other floors the inner ends of the joists may be sup- 
ported by the partitions of the floor below. They are usually of 
wood, though it may sometimes be found economical to use steel 
beams in large buildings, and even in small buildings the use of steel 
for this purpose is increasing rapidly. Wrought iron was once used, 
but steel is now cheaper and has taken its place. However, when 
this is not found to be expedient, hard pine or spruce girders 
will answer very well. The connections used in the case of steel 
girders will be explained later. The girders may be of spruce or even 
of hemlock, but it is hard to get the hemlock in such large sizes as 
would be required, and spruce, too, is hardly strong enough for the 
purpose. Southern pine, therefore, is usually employed for girders 
in the best work. 

The size of tne girder depends on the span, that is, the distance 
between* the supporting walls, and upon the loads which the floor 
is expected to carry. In general, the size of a beam or girder varies 
directly as the square of the length of the span, so that if we have 
two spans, one of which is twee as great as the other, the girder for 
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the longer span should be four times as strong as the ^rder for the 
smaller span In ordinan houses, howe\er, all the girders are made 
about 8X12 inches in sections, although 
sometimes an SXS inch timber would suf- 
fice and sometimes perhaps a 12~inch 
7 piece would be required. 
y^y \ It should be remembered in deciding 

^ upon the size of tins piece, that any girder 

13 increased in strength in direct propor- 
tion to the width of the timber (that is, a 
girder 12 inches wide is twice as strong as 
one 6 inclics mde), but in direct proportion 
also to the square of tlic depth {that is, a 
girder 12 inches deep is four times as strong 
asoneCinchesdeop). Hence, the most economical girder is one which 
is deeper than it is wide, such as an 8X12-ineh stick; and the width 
may be decreased by any amount so long as it is wide enough to pro- 
v-ide sufficient stiffness, and the depth is sufficient to enable the piece 
to carry the load placed upon it. If tlic piece is made too narrow in 






Fifl. 133. Duubk S 



Fin. 134. Single Joist Hanger 



proportion to its depth, however, it is likely to fail by "buckling," 
that is, it will bend as shown in Fig. 1.32. It has been fouiifl by 
exiiericnce tlint for safety the width should be at least equal to \ of 
the depth. 

There are at least three ways in wliich the joists may bo sui>- 
porteil by a ginier. The best, but most expensive, method is to 
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support the ends of the joists in patent hangers or stirrup irons which 
connect with the girder. This method is the same as was described 
for the sill, except that with the girder a double stirrup iron, such as 
that shown In Fig, 133, may be used. These stirrup iron hangers 
are made of wrought iron, 2| 
or 3 inches wide, and about | f«* 
inch thick, bent into the required i^. 
shape. They usually fail by the ^ 
crushing of the wood of the gir- -^ 
ders, especially when a single 
hanger, like that shown in Fig. ^ 
134, is used. Fig. 135 shows a 
double stirrup iron hanger in 
use. Patent Hangers as shown 
in Fig. 136 are the most suit- 
able. 

If hangers of any kind are used, there will be no cutting of the 
girder except at the ends, where it frames into the sill, and e\'en there 
a hanger may be used. The girder may be placed so that the joints 
will he flush with it on top, or so that it is flush with the sill on top. 




Fi(. 13S. Doubla Hbdcct with JoUU In PU« 
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If the joists are flush with the girder on top, and arc framed into the 
^1 in the ordinary way, as shown in Fig. 137, the girder can not be 
flush on top with the sill; while, on the other hand, if the girder is 
flush with the sill on top, it can not at the same time be flush with 
the joists on top. If joist hangers are used on the girder to support 
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the joists, they will probably be used on the sill as well, us ex]*taii>e<] 
in (wnncction with the sill; and in this case the prder can be made 
Hush with the sill on top and the joists hung from Imth jtirder and 
sill with hangers, thus bringing both ends of a joist to the same level, 




as shown in Fig. 1^8. If tlie girder were framed into the sill at ail. It 
would almost always bv made flush with the sill on tup, and by the 
pmixT adjustment of the hangers the joists would l>e arranged so u 
to be level, 

For framing tlie girder into tlie sill, a tenon-aiid-tusk joint, u 
shown in Fig. 139, would be used if the girder is to be flash with the 
sill on top. Sini'e the girder would in most cases be deeper tlian the 
sill, the latter having a depth of only 6 inches tlie wall would nece*- 
surily have to l»e cut uway in order to make a place for the girder. 
This condition is clearly shown 
in Fig. 140. The girder itsetf 
should not I>e cut over the wkH, 
Bs shown in Fig. 141. because 
this greatly weakens the ginW. 
If this method is used, tbejiosta 
should l>e framed into the ginlcr 
in the same way as they nre 
fraiunl into the mII, a mortise 
U-ing cut in the ginlcr, am) a 
tenon on the joist. 'I'his is eallf^ 
"gaining" and b shown in fig. 
137. The top of the ginler thus ccwnea several inches hrlov the top 
of the flcNjr. 

.Another method is to make the lop of the ginlrr flush with the 
top of tlic joists. The joists arc then framed into the girder with • 
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tenon-and-tusk joint, as shown in Fig. 139, and the (tirder is "gained" 

into the sill, as shown in Fig. 137. 
Still another method in 

common use is simply to 

"size down" the joists on the 

girder about 1 inch, as shown 

in Fig. 142. In thb case, of 

coivse, the girder is much 

lower than the sill, usually 

so low that it can not be 

framed into the sill at all, 

but must be supported by 

the walls independently. 

Holes are left in the wall 

where the girders come, the 

latter being run into the 

holes, and thdr ends resting 

directly on the wall, inde- 
ipendent of the sill. Thb b not very good construction, however, - \ 
(because the floor b not tied together as it is when the girder/ fi 

frames into the sUl. The first 

method b the best and is the 

one in most common use. 

The girders ser\'e to sup- 
port the partitions as well as 

to support the floors, and 

should, therefore, be designed 

to come under the partitions 

whenever this b possible. 

When the distance between 

the outside walls is too great 

to be spanned by the girder, 

it is supported on brick piers 

or posts of bard wood or cast 

iron ID the cellar. Such piers 

or posts should always be 

placed wherever girders running in different directions intersect. 

Girders are also often supported on brick cellar partitions. 
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Joists. Joists sre tlw Ught pieirs vhicb m«ke up the body of 
the floor frame and to which ll»e fltmring U niilrd. Tlwy nrc aJmost 
aIwB\:i mailr of spn>ce, altfauu^ irthcr woods may be used, and may 
be found more economical in some loi-alities. 'ITiej' art u»ua]l.\' 2 or 
3 inches thick, but the depth is varied to suit the conditions, JoutA 
as small as 2Xti inches are $ometime» U--*d in veiy light buildiiifp, 
but these arc too small for any floor. They may sometimes be used 
for a ceilinfF where there are no rooms abo^c. an<l. tlicn-furr, nn 
weight on the floor, A verj- common si«e for joists Li 2X8 incbex. 
and these are prolHtUy Urge enough for any ordinar>- construetioo. 
but joists 2X 10 inches make a stitTer floor, and are used in all the 
l>est work. Occasionally joists 
as large as 2X12 inches are 
used, especially in large city 
houses, and they make a very 
stiff floor, hut this siic is on- 
usual. If a jrast deqiejr than 
12 inches is useil, the tfaicbwas 
should be increased to 2) or 3 
inches, in order to prevent h 
from failing by buckling, u n- 
Dp-JotaicGiHc™ plabed for giniers. I'. ttS. The 
sixe of the joists depends in general upon the span and the spacing. 
The usual spacing is 16 or 2() inches betweeo centers. And 16 
inches makes a better spacing tlian 20 inches, because the joists cu 
then be placed close against the studding in the oubnde walls And 
spiked to tbis studding. It is generally' Ix-tter to use light joists 
spaced IT) inches on centers than to use beaWer ones spaoed 'JO 
inches on centers. 'I'he spacing is seldom Iv^ than 10 incfae* ud 
should never lie more than 21) inches. • 

Supports and Partitions. In certain parts of the floor bmnc it 
may l)e nen-ssary to double the joists or place two of than dooc 
together in order to support some very heavy conc«ntrated kwd. 
Tbis is the ca-te whenever a partition runs parallel with the Boor 
joists, unless there is another partition under it. .Surb partitions 
may be supported in seicral ditTer^nt ways, K verj' !«■■%■>■ joist, o» 
_^^<two joists spiked together, may be placed under lite partitioo. u 
abown at .1 in Fig. \\.\, C being the aole, B the under or kmI|^ 
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flooring, and DDD the studding. This method b objectionable for 
two reasons: It is often found / 
convenient to run p ipes up / 
iD the partition, and if the 
sii^le joist is placed directly 
under the partition, this can 
not be done except by cutting 
the joist and thus weakening 
it. Moreover, if the single 
joist is used, there is no 
y- solid n^ling for the finbhed 
upper flooring, unless the joist 
is large enough to project 
y" beyond the partition stud- 
ding on each ade. The joist ' ""° ^"^f"" 
is seldom, if ever, large enough for this, and the finished flooring 
must, therefore, be nailed only to the under flooring at the end where 
it butts agamst the partition, so that a weak insecure piece of work 
is the result This may be seen by refernng to the figure 

A much better way is to use two joists far enough apart to 
project a littie on each side of the partition, as shonii at AA in 
Fig 144, and thus afford a nail- 
ing for the finished floonng 
These joists must be large enough 
to support the weight of the 
partition nithout sa^ng any 
more than do the other joiats of 
the floor, and, therefore, joists 3 
or even 4 mches thick should 
be used They should be placed 
about 6 or 7 inches apart on cen- 
ters, and plank brid^g should pj, ] 
be cut in between them at inter- '"''"" ""i"""" 

v^sof from 14 to 20 inches, as shown at E in Fig. 144, in order to 
stiffen them and make them act together. This plank bridging 
should be made of pieces of joist 2 inches thick and of the same 
depth as the floor joists, and should be so placed that the grain 
will in every case be hoiizonta]. 
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A partition, supported as describtHl above, is bound to settle 
somewhat as the 10 or more inches of joist beneath it shrinks in 
seasoning, and the settirmcnt 
may cause cracks in the plaster- 
ing at the «»rntT l>ctwwn the 
piirtition and an outside w'sll. 
In order to prevent this settle- 
ment, piirtitioas nmning p«i^ 
allel with the floor joints are 
often supported on strips whieh 
are secured to tlic under aide of 
the floor joists, us stiown at A 
in Fi^. W). T^ese iitrips can 
not be allowed to project into the 
room below, and so they must be 
made as tliin as is consistent with safety. Strips of iron plate about 
} inch thiek and wide enough to support the partition studs are, there- 
fore, used for this purpose, and are fastened to the joists by means of 





bolts or lufi senrws. Partitions which nin at riglit anffles to the 
floor JoiaU win •l.-m Iw -Mipporteil in this way. If a partition runs 
at ri^ht anjtles to (he joists near the imter of thnr qtan, the lendenQ' 
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(or the joists to sag under it will be very great, and they must be 
strengthened either by using larger joists, or by placing them closer 
together. If the span of the floor joists is large and the partition b 
a heavy one, it may be necessary to put in a girder running at right 
angles to the joists to carry the partition. In this case the partition 
stud will set directly on the girder, which may be a large timber, or 
in some cases, a steel I-beam. 

Headers and Trimmers. Another case where a girder may be 
necessary in a floor above the first, is where an opening is to be left 
in the floor for a chimney or for a stair well. The timbers on each 
aide of such an opening are called "trimmers," and must be made 
heavier than the ordinary joists; while a piece called a "header" 
must be framed in between them to receive the ends of the joists, as 
shown in Fig. 146. The trimmers may be made by simply doubling 
up the floor joists on each side 
of the opening, or, if necessary, 
I-beams or heavy wood girders 
may be used. In most cases 
these trimmers may be built up 
by spiking together two or three 
joists, and the header may be 
made in the same way. 

Joist Connection. With Sill. 
Joists are also "gained" into the 
all, as shown in Fig. 94, in which P'« "^ ^^ "^''gm"' ''""''"* '°"' 
case a mortise b cut in the sill 

and a corresponding tenon is cut in the end of the joist. The mortise 
was illustrated and described in connection with the sill, while the end 
(rf the jobt b cut as shown in Fig. 94, the tenon being about 4 inches 
deep and gained into the sill about 2 inches. This brings the bottom 
of the joist flush with the bottom of the sill, and the top of the joist 
somewhat above the top of the sill, according to the depth of the 
jobt. The top of a 10-inch joist would come 4 inches above the top 
of a 6-inch all, and the joist would rest partly on the masonry wall, 
thus relieving the connection of a part of the stress due to the weight 
of the loaded joist. A common but very bad method of framing the 
joist to the sill is simply to "cut it over" the sill without mortising 
the latter, as shown in Fig. 147. This does not make, a strong con- 
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Ftl- lU' Cnet in Jaul Due to 
Bad CoiuiruciiKiD 



i. 



nection even when the joist rests partly an tlie masonry' waJI; and 
it it is not so supported it is almost sure t<i fail hj' splitting, as shown 
in Fig. 148, under a ver>' small loading. In fui-t, it would be mud) 
stronger if the joists were turned updde 
down. Frequently the joist is cut u 
shown in Fig. 149, where the tetu>n ii 
aunk into a mortise eut in the sill, thus 
bringing the top of tlie joists flush «nth 
the tup of tlir sill; but in thb case the 
bottom of the joists v\ill almost invari- 
bly drop below the bottom of the sill and tlie wall must be cut 
away to make room for it, as shown in Fig. 14(1. It is also weak io 
the same way as is the connection shown in Fig. I4X. 

li'ilh Girders. The framing of the joists into the girders may 
be accomplished in several waj's, according to the position of the 
girder. The placing of the prdcr is quite an important point. The 
top of the fioor, on which rest the sole-pieces of the cross-partitions, 
must remain always true and level, that b, the outside ends of the 
joists must be at the same level as the inside ends. Otheraise the 
doors in the cross-partitions will not fit tlicir frames, and can not 
be opened or shut and the plastering is almost sure to crack. 

Both ends of the joists will sink somewhat, on account of the 
shrinkage of the timber in seasoning, and the onl>' way to make sure 
that the shrinkage at the two 
ends will he the same is to see 
that there is the same amount 
of horizontal timber at each end 
lietween the top irf the floor an] 
the solid masonry. This is bc- 
caust; timber shrinks very much 
across the groin , but almost not at 
nil along the grain, If the jiHsts 
art' frameil properly into the siU, 
90 that they are flush on the bottom with ihe sill, we have at the outer 
end of the joist a depth of hori7.<intaI timber equal to the depth nf the 
joUt itself, as shown in Fig. i:iX; and in or«ler to have th« same depth 
nf tinil>er at the inside, the bottom of the joist must be flush wHll 
the bottom of the girder, which usually rests on brick pier*. Of 
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course the top of the girder must not in any case come above the 
top of the floor joists; therefore, in general, the girder must be equal 
in depth to the floor joists and flush with these joists on top and 




Fig. 150. Superior Floor Joist and Sill Construction 

bottom, as shown in Fig. 150. This method is not always followed, 
however, in spite of its evident superiority; and the girder is often 
sunk several inches below the tops of the floor joists, as shown in 




Fig. 151. Joist Sised Down on Girder 



Rg. 138, or even in some cases very much below, as shown in Fig. 
151. Both of these methods cause an unsightly projection below 
the ceiling of the cellar. Where the joists are brought flush with 




Fig. 152. Fastening Joists by Iron Strap 



Fig. 153. Fastening Joists by Dog 



the girder top and bottom, they may be framed into it with a tenon- 
and-tusk joint, as are the girders, as shown in Fig. 139, and a hole 
bored through the tenon to receive a pin to hold the joist in place. 
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OUier methods of framing tenoD-anti-tuak joinU &tv shown m 
Fi^. 47, 48, 49. and utso a double-tenim joint in Fig. 51), whidi might 
be used in thb case, although it is much inferior to the tt-noD-aail- 
tusk joint. Two joists framing into a girder from opposite sAa 
should be fastened strongly ti^cther on top either bv an iron stnp 
passing over the top of the girder and secured to each joist, as shown 
in Fig. 152, or by means of a"dog" of round bar iron, which b bat 
at the ends and sharpened so that it may be driven down into the 
abutting ends of the jtnsts. as shonn in Fig. 1.^3. These bars should 
be used at every fifth or sixth joist, to form a series of continuotu 
lines across the building from sili to all. 

If the girder is sunk a little Ik-Iow the li>ps of the joists these may 
be gained into it in the same way as they are gained into the silt. 




fte. IM. JoM OaiaaH 



In this cue jmsls should be Rrranged as shown in Fig. 154. so tint 
they will not conflict with one another; and the two ndjarent joists 
may be spiked Utgether, thus giving additional stiflitew to the floor. 
If the ten oD-and-t link connection is u.-<til, the joi.>«ls may l>e aitaoged 
exactly opposite each other, provided that the girder i* sufficiently 
wide, but it is always murh U-tter Iti arntiige them a* shown in Fig- 
155. e^eii in this case. The tenon ma>- then be carried clear throujtb 
the glnler and fastened by a dowrl as shown. Verj' raivlyn simple 
duulik'-tenon joint, such as that shown in Fig. 50, might lie us«I. but 
it is much inferior to either the gaining or the trnon-and-tiuk jobl. 
U tlic ginlcr b sunk vcr>' much below the tops of the joi»b, as 
in Fig. 151, these will usually rest on top of it ami be fastened by 
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spikes only, or will be "sized down" upon it about 1 inch, as shown. 
There is no mortising of the girder in either case. Joists are also 
thus sized down upon the girts and partition caps, and are notched 
over the ledger boards as shown in Fig. 105. In cutting the joists 






Fis. 156. Join Supported b; 
Brick WalT 




Fig 157 Aacbored Ji 



for sizing and notching, the measurements should be taken in every 
case from the top of the joists, since they may not be all of exactly 
the same depth, and the tops must be all on a level after they are 
in place. Thb is really the only reason why the joists should bo 
sized down at all, because othenvise they might simply rest upon 
the top of the girder, or girt, and be fastened by nailing. 

With Brick Wall. When a joist or girder is supported at either 
end OQ a brick wall, there will either be a hole left in the wall to 
receive it, or the wall will be 
corbeled out to form a seat 
for the beam. If the beam 
enters the wall the end should 
be cut as shown in Fig. 156, 
so that in case of the failure 
tA the beam from overload- 
ing or from fire, it may fall 
out without injuring the 
wall. Every fifth or sixth 
Joist is held in place by an anchor, as shown in Fig. 157, of which 
there are several kinds on the market. Fig. 15S shows tlie result 
when a beam which is cut off square on the end, falls out of 
the wall. 
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There must alwaj's be left around the enrt nf a beam nhioh 
is in the wall, a sufficient space to allow for proper ventilation to 
prevent dry rot, and the end should always be well painted to keep 
out the mobture. Patent wall-hangers and box anchors arc often 
used to support the ends of joists in brick buildings, but only in oaae 
of hea\y floors. 

The floor framing in a brick building h the same as that in a 
building of wood except that there is no girt to receive the cods at 
the flour boards, so that a joist must be placed close agniiul the 
inside of the wall all around the building to give a firm nailing for 
the flooring. 

Crowning. In any floor, whether in a wood or brick buildings 
if the span of the floor joists is very considerable so that there is 
any cliancc fur deflection they must be "crownetl" in order to offset 
the efTect of such deflection. The operation calltvl "crowning" con- 
asts in shaping the top of each joist to a slight curve, as shown Id 
Fig. 159A, so that it is I inch or so higher in the middle than it a at 
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the ends. As the joist sags or deflects, the top becomes level while 
the convexity will show itself in the bottom, as shown in Fif;. 159B. 
Joists need not be crowned unless tlie span is quite large and tbe 
loads heavy enough to cause a deflection of an indi or more at tbe 
center of the joist. 

Bridging. Floor frames are "bridged" in much the same way 
as was dcsoribtil for the wiiils, and for mtich the same purpoae. 
namely, lu ftiffen the fliH»r frame, to prevent une({u»l deflection o( 
the joists and to enable an overloaded joUt tu get fttme a:<«i»taiicr 
from the pieces on either side of it. Bridging is of two kinds, "plonk 
bridging" and "cra'w bridging," of winch the first has already Item 
shown in connection with the partition supports. I'lank bridgiox 
is not verv' etlertive for stilfeiiing the floor, and cross bfidging b 
always preferred. This bridging is somewhat like the diaKotial 
bridging used in the walls, and ei>n!<i.st,<' of pieces of scantling, usually 
1X3 iochcs or 2X3 inches in size, cut in diagonally between tbe 
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Fig. 160. Crosa Bridging between Joiata 



floor joists. Each piece b nailed to the top of one joist and to the 
bottom of the next; and two pieces which cross each other are set 
close together between the same two joists, forming a sort of St. 
Andrew's cross, whence we 
get the name "cross bridg- 
ing" or "herringbone 
bridging" as it is some- 
times called. The arrange- 
ment b shown in Fig. 160, 
and the bridging should 
be placed in straight lines 
at intervals of 8 or 10 
feet across the whole 
length of the floor. Each 

piece should be well nailed with two eightpenny or tenpenny nails 
in each end. If thb b well done there will be formed a continuous 
truss across the whole length of the floor which will prevent any 
overloaded jobt from sagging below the others, and which will 
greatly stiffen the whole floor so as to prevent any vibration. The 
bridging, however, adds nothing to the strength of the floor. 

Porch Floors. A word might be appropriately inserted at this 
point in regard to floors of piazzas and porches. These may be 
supported either on brick piers 
or on wood posts, but prefer- 
ably on piers, as these are 
much more durable than posts. 
If piers are used, a sill, usually 
4X6 inches in size, should be 
laid on the piers aU aroimd, and 
light girders should be inserted 
between the piers and the wall 
of the bouse, in order to divide 
the floor area into two or three 
panels. The jobts may then be 
framed parallel to the waUs of 

the house, and the floor boards laid at right angles to these walls. 
The whole frame should be so constructed that it will pitch outward, 
away from the house at the rate of 1 inch in 5 or 6 feet, thus bringing 
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the outside edge loirer than the inside edge and living m 
for the water to dnun off. 

Stairs. The stairs are buik on frames called "stringers" or 
"cairiages/' which may be (bonadered as a part of the floor framii^g; 
Thqr consist of pieces of phmk 2 to 3 inches thick and 12 or mora 
indies wide, which are cut to form the steps of the stairs and wfaidi 
are thai set up in phoe. There are usually three of these stringien 
under eadi flight of sturs, one at each side and a third in the center, 
and th^ are fastened at the bottom to the floor and at the top to 
the joists whidi form the stair welL This subject is taken up mora 
fully under *'Stair Building." 

Unsupported QNmers. An interesting phce in a floor fnumqg 
plan is where we have a com^ without any support beneath it, as 
at the comer A in Fig. 161. Thb comer must be supported from the 
three points B^ C, and P, and the figure shows how tlus b aooom- 
plished. A piece of timber E b placed across from B to C, and 
another piece starts from D and rests on th^ {nece B C, i»ojectiiv 
beyond it to the comer A. Thb funushes a sufficiently strong sup* 
port for the comer. 
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PART III 



THE ROOF 

The framing of the roof is one of the most difficult problems 
with which the carpenter has to deal, not because of the number of 
complicated details, for these are few, but because of the many 
different bevels which must be cut in order to allow the rafters to 
frame into one another properly. 

There are many kinds of roofs, and before describing the different 
varieties it will be well to consider briefly the purpose of the roof 
and its development from simple forms to those which are more 
elaborate and perhaps more ornamental. The primary object of a 
roof in a temperate climate is, of course, to keep out the rain from 
the interior of the building and at the same time to keep out the 
cold. The roof must, therefore, be so constructed as to free itself 
from the falling water as soon as possible, that is, it must be built 
to shed water and, therefore, it must be sloped or inclined to the 
horizontal in some way. If it is necessary for the sake of economy 
or for any other reason to construct the roof practically flat, it 
must be made more secure against the passage of water than if it 
is made sloping, and some provision must be made to carry off the 
water, and to cause it to collect in one or two low places in the roof 
surface, from which pipes or down s^pouts may be provided to take 
it away to a safe place outside the building. The roof covering 
must be of some material through which water will not readily 
penetrate, such as tin, galvanized iron, lead, or zinc or copper among 
the metals, or a composition of tar and gravel, if metal is not 
suitable to the purpose. This would be for a roof which is nearly 
flat; for a roof which slopes, and will shed the water, thus getting 
rid of it more quickly, a covering of slates, tile, or wood shingles 

Copyright^ 1912, hy American School of Correspondence. 
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may be employed, as well as tin, copper, or othrr metals. The sUtes 
or shingles would have to be laid in several thicknesses, the number 
depending upon the steepness of the slope of tlie roof, and in onier 
to accomplish this they would have to be laid overlapping carh 
other. In order that the water escaping from the roofs may not 
run down the sides of the building, making unsightly streaks and 
wetting the windows and doors, it is necessary' that the roofs ahould 
project somewhat beyond the face of the walls all around. The 
projecting part of the roof is called the eons. 

ROOF CHARACTERISTICS 

Styles of Roofs. The ditferent \-arieties of roofs, from the 
simple pitch roof to the most complicated combiimtion of hips and 
valleys, are developments of a few simple forms. 

Lean-To Hoof. The lean-to roof is tlie most simple of them all. 
and ia usually employed for small sheds, piazzas, porches, ells, and 




1. 
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in many other situatioa>« where appearance is not a raattn- 
moment, and where the essential thing ia to obtain the 
cheaply and as easily as pos.-<ible. 1^he lean-to roof b 
Fig. \G2. It consists uf a plain surface, one end or one side 
is^ ruiseiJ to a higher level tlioii the otlier side or end, and 
in thli position by means of walls or by means of posts i 
comers. The position in which the surfatv is #np|>ortrd e 
raiu water to drain frwiy from It, and thus it fulfills tlie 
ments of a nx>f so long a» it remains water-tight. 
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PHch or Gable Roof. Next to the simple lean-to roof with a 
angle sloping surface conies the ordinary pitch or gable roof, which 
has two sloping surfaces one on each side of the center line of the 
building, coining together at the ridge in the middle. This form of 
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roof, which is shown in Fig. 1G3, is very common and is also quite 
^mple in design, and economical in construction, so that it has been 
very popular indeed for all classes of buildings except very large 
structures and city buildings. The slope of the roof, that is, its 
"pitch" or its inclination to the horizontal, may be varied to an 
infinite extent, from a very flat slope to a very steep one, and these 
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variations have been made in different countries and in different 
climates to suit either the taste of the designers or the practical 
requirements of the climate. The roof may be used in combination 
mth roofs of other kinds and, indeed, it is usually used in this way. 
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so much so that, although the simple gabte roof is the base of ahnoat 
all the roofs of ordinary structures, it is sometimes hard to distin- 
guish it from among the other roofs which have been added as 
additions to it. 

Gambrel Roof. The gambrel roof is a variation of the simple 
pitch or gable roof and was probably developed from it to meet 
a new condition, namely, the necessity for more space in the 
portion of the building immediately under the roof surface. This 
form of roof has a sort of gable at each end of the building, but the 
gable is not triangular in shape, as is shown in Fig. 164. It will be 
seen that the roof surface has been broken near the middle on both 
»des of the building and that the portion below the break has been 




made steeper, and the portion above the break flatter than would 
be the case in a simple roof surface for a building of the same size 
with a gable roof. This arrangement allows of considerably more 
space and much greater head room in the attic. The position of 
the break in the roof surface may be varied to suit the taste of the 
designer, and the slopes of both the upper and the lower parts of 
the roof may be arranged as desired. Gambrel roofs may be seen 
on many old houses built in the Colonial days, and they have lately 
come again into favor for the roofs of cottages and small suburban 
or country houses. 

Mansard Roof. The mansard roof, called by the name of the 
architect who introduced it, is like the gable roof except that it 
slopes very steeply from each wall toward the center, instead of 



CARPENTRY 



113 



from two opposite walls only, and it has a nearly flat deck on top. 
This form of roof gives better rooms in the attic space than docs 
either of the two forms already described. It was at one time very 
popular for large suburban and dty houses, but it is now seldom 
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employed. The mansard roof is shown in Fig. 165. It bears a close 
relation to the so-called kip roof. 

Hip Roof. The hip roof also slopes from all four walls toward 
the center, but not so steeply as does the mansard roof. It is 
usually brought to a point or a ridge at the top, as in Fig. IGfi, but 
sometimes it is finished with a small flat deck, as in Fig. 167. The 
hip roof as a rule allows of very little useful space in the attic, and 




if this tj-pe of roof is employed it is usually done with the idea of 
sacrificing the attic space and doing without the rooms under the 
roof for the sake of the exterior appearance. 

Valley Roof. In Hg. 168 is shown a very simple form of what 
is known as a valley roof. It is a combination of two simple pitch 
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roofs whtcb intersort t'sHi utlier at rifElit angles. Id the fiptrc both 
ridges are abo«'n at the tame heijiht hut they an not alwax's buik 
in this way. Eitiicr ndge tnav nse altuve tl>p other, aitd the two 
nx^ may have the same pitt.'li ik- clifTrimt pitches. If the ridge of 
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the secondary- roof rises above the ridge d the main roof, the eftd 
which projei-ts iilK>\'e tlie main ridgr ia usually gntshed «-ith a small 
gable a, or a .small hip 6. as shown in Fig. 101). This anBOgement 
docs tiot make a pleasing uppfumncr. however, and sbould be 
avoided if possible. Almost all rimh are hip and valley roati, as it 
ia very selilom that a building of any mnsidorBble see can be cov- 
en^ with a simple roof of any of tlie forms described abtn-e. Ilitm 
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are u.HiinIl>' w-ing* or projcrting portion.^ of same kind which must he 
covi-rrd vith a separate roof w'faich must be joined to thr maia 
body of the roof with valle>'», and it is theae vallcrs which are Uk 
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cause of most of the leaky roofs, as a large quantity of water collects 
in them and it is no easy matter to make them waterproof. 

Rafters. In all roofs the pieces which make up the main body 
of the framework are called the rafters. They are for the roof what 
the joists are for the floor, and what the studs are for the wall. The 
rafters are inclined members, spaced from 10 to 24 inches apart on 
centers, which rest at the bottom on the plate, and are fastened at 
the top in various ways, according to the form of the roof. The 
plate, therefore, forms the connecting link between the \isall and the 
roof and is really a part of both of them. The size cf the rafters 
varies, depending upon their length and the distances at which they 
are spaced. It is sometimes allowable to use them as small as 2X4 
inches, but this should be done only for the lightest work. The size 
of the rafters for an ordinary' dwelling house is usually 2X8 inches. 
In larger buildings, such as school houses, it may be found necessary 
to use rafters as large as 2X 10 inches, when they are of a considerable 
length. 

The material usually employed for rafters is the same as that 
used for the joists and for the studding. This is generally spruce in 
the eastern states and yellow pine in the Mississippi Basin, but may 
be hemlock in ver>' cheap work. The size and spacing of the rafters 
vary to some extent ^ith the location of the building, as in the 
northern part of the country the roof is called upon to carry a 
considerable weight of snow and ice, while in the south there is little 
or no snow and the roof is not called upon to carr^' so much weight. 
If snow freezes and packs on the roof it may weigh as much as 
t^-enty-five or thirty pounds per square foot of roof surface. The 
\iind pressure must also be considered, as well as the weight of the 
material composing the roof itself. 

The connection of the rafters to the wall is the same in all the 
types of roofs described above. They are not framed into the plate 
but are simply spiked to it, being cut at the bottom so as to rest 
on top of it. Usually they extend out for a considerable distance 
beyond the wall to form the eaves, as shown in P'ig. 170, and they 
are then cut over the plate and allowed to continue beyond it. The 
usual length for the eaves is about 1 foot, but it may vary to suit 
the taste of the designer of the building. Sometimes the rafter itself 
is not extended beyond the plate, but is cut off just as though it 
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was not intended that it should continue beyond the wall line, and 
a separate piece called a ''false rafter" is nailed against it alongside 
to form the projection for the eaves, as shown in Fig. 171. Tlus 
piece does not always continue in the same line with the real raftar. 





Fig. 170. RafUT Kxtvndcd 
to Form the Kuvos 



FiR. 171. Falie Rafter 



hut may, and usually does, make an angle with it, as shown in the 

figure, so as to give a hrt^ak in the r(K)f line near the line of the eaves. 

It is sometimes rlesiriMl to form a concealed gutter around the 

eaves, and in order to <h) this the joists are allowed to extend 10 or 
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12 inches and on the ends of these a l! X 4 is laiti Hat and 
nailetl. and the rafters rest on this pieir. The si^ntHng is nailed 
(linvtly ahove the phite and tlie gutter is run in notches cut in the 
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overhanging joists which abo support the cornice. The general 
appearance is shown in Fig. 172 and the details of the construction 
in Fig. 173. 

There are four different kinds of rafters used in framing roofs, 
all of which may sometimes be found in a single roof frame, if the 
roof is of complicated design, while ordinary' roofs may be framed 
with only the more simple forms of rafters. In Fig. 174 is shown in 
plan the framing for a roof in which all four kinds of rafters are to 
be found. AAA are the common rafters, which extend from the 
plate to the ridge and which are not connecte<l with or crossed by 
any of the other rafters. B B B are jack rafters, which are shorter 
than the common rafters and which do not extend from the plate to 
the ridge, but are connected at one end to a kip or valley rafter. 
C C are the valley rafters, which are needed at everj- corner between 
the main building and an ell or other projection, while the hip 
rafters D D are found at the 
outside comers. At the points 
where the valley rafters are 
^tuated there are troughs or 
valleys formed by the roof 
surfaces — as these pitch down- 
ward on both sides toward the 
valley rafter — while at the 
outside comers, where the hip 
rafters are found, the roof 
surfaces pitch upward on each 
side to the hip rafter. This 
may be seen and perhaps 
better understood by looking ?«, wa, Con.truc 
at any hip and valley roof as 
actually constmcted, and as this type of roof 
v\\\ be no lack of examples. 

Pitch of Roof. The pitch of a root is the term u-itd to indicate 
the slope of the sides of the roof surface or the incluiatioii of these 
ffldes with respect to a horizontal plane or a surface ubsoluttlv flat 
and parallel to the horizon. Evidently the pitch of aii\ nrof maj- 
vary to an almost infinite extent. It ma\ be absolutcK flat or it 
may be practically vertical, or it may be inclined at any ingle bettt cen 
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thcae two limhs. DnfiiftiiiiBtdy there are aercnl ijjilcHa !■ «M 
for indicatiDg the [»tdi or the amoont of the ao^ of ibe dope^ •• 
that there is fikely to be some nusondentatiAng afaont h. Uaoalf . 
bofrevefi some one qrstem b in tne in any one aectian of die ooMihgr 
and there u a geneial undostanding that tlus is the system intaded 
when tpaSoDg of the pitdi of a rool. IV moat sunple wmy of iadU 
eating the pitdi and at the same time the moot aeeuntc «aj, ia to* 
^ve the ao^ whiiji the roof surface makes widi a buriaaotal pboa 
"Hiiis the pttdi of the nxrf may be thirty d^reest or lor^*fivQ d 




or sixty dcfntres. This system is much in use among dvil engineen, 
l)y wtiotii it is fuvort-d on aci-ouiit of its accuracy and the small 
prolMibility uf its bciii^ ini.sutiiltTst(KNl, but it ts not mu<4i in use 
lutiiui^ <-ar[M-ut(.-ni uiul ur(.-hit<-cts, wJio {^vncraUy prefer to use aODK 
other system. 

AiiotlitT rtictliiNl of iiulioatiiiK the Kh>pi> of the roof surfaces b 
to tnkc the rise of the nxif lit thi> n'litvr t>f the span, or the votical 
(listaiKT fniiii tlif top (if thv pliiti- to th{> umlrr Mde of the rafters 
ut tlic (t'litiT of till- s|utii, niul to (liviilt- this distance by the span 
itx'lf or thf di^taiKf bi-twit-u thv liisidi' cd)^ of two rafters which 



CARPENTRY 119 

come opposite to each other in the roof frame, at the point where 
they intersect the top surface of the plate. The fraction thus obtained 
b used to express the degree of slox)e of the roof, or the angle that the 
roof surface makes with the horizontal plane, in the following way: 
If the span of the roof between the edges of the rafters at the level 
of the top of the plate is 20 feet and the rise of the roof at the center, 
measured vertically from the top of the plate to the under side of 
the rafters, is 10 feet, then the roof is of half pitch, since the fraction 
obtained by dividing the rise of the roof by the span of the roof is 
one over two or one half. The angle which this roof surface makes 
with the horizontal plane is forty-five degrees, since the rise at the 
center is equal to half the span, and the rise of the sloping rafter is 
equal to its run or its projection on the horizontal plane. This slope 
is also called a square slope or a square pitch for the reason that the 
rise of the rafter is equal to its nm. In this roof also it will be seen 
that the rafter rises a distance of 12 inches for each foot of run, 
counting the rise always from the level of the top of the plate and 
the run from the point where the under side of the rafter intersects 
the top of the plate. Thus at the center of the roof the nm is 10 feet 
and the rise is also 10 feet. If this same roof were one of full pitch, 
the rise at the center of the span would be 20 feet, equal to the span 
itself, and there would be 2 feet of rise for each foot of run. This 
would make a very steep roof, in fact it is very seldom so steep a 
roof is used in ordinary work. A two-thirds pitch would be a little 
less steep than the full pitch, between the full pitch and the half 
pitch, and this roof would have a rise of 16 inches for each foot of 
run, so that if the span were 20 feet, as in the case of the other roofs 
just mentioned, the rise at the center of the span would be 160 inches 
or 13 feet and 4 inches. The reason why this pitch is called a two- 
thirds pitch is that in the case of a full pitch roof the rise for each foot 
of run is 24 inches, in this case the rise for each foot of run is 16 inches, 
and 16 inches is just two-thirds of 24 inches. Also the rise at the 
center of the span, 13 feet and 4 inches, is just two-thirds of the span, 
which b 20 feet. Whenever it is desired to give a roof a steeper pitch 
than the half pitch, the two-thirds pitch is generally employed. 

If the roof is one of one4hird pitch, the rise of the rafter for each 
foot of run will be one-third of the 24 inches which are required to 
make a full pitch, one-third of this being 8 inches. Thus a one-third 
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pitch roof has a rise of 8 Inches for each foot of run, and ihe risr st 
the center of the span is one-third of the entire span. If the span of 
the roof is 20 feet, the rise at the center of the span will be 6 feet uid 
8 inches, or just one-half as much as in the case of the roof of the 
same span and with a two-thirds pitch. 

It the rot>f has a "one-quarter pitch." this means that the rise 
of the rafter for each foot of run is one-quarter of 24 inches, wbJrh is 
6 incites, and that the rise of the roof at the center of the span is one- 
quarter of the entire span- If the rtwf has a span of 20 feet, this 
will make the rise in the case of a one-quarter pitch equal to .i fecL 

The pitches mentioned iilmve are the most common pilehes and 
those most generally used, though, of course, any pitch may be used 
as desired. The Iwo-thirds pitcli correspond* to an angle with the 
horizontal of al>out fifty-three degrees, and the one-half pitch corre- 
sponds exactly with an angle of forty-five degrees. Tlie one-third 
pitch corresponds to an angle of thirtj'-three and three-quarters 
degrees and the one-quarter pitch corresponds with an angle twenty- 
six and one-half degrees. From thb It will be seen that the names of 
the pitches, ont-third, one-half, and ont'^uarteT, do not express the 
relation of the angles which the various slopes make with the hori- 
zontal to the angle made bj' the roof of full pitch. 

There are several factors which enter into tlie problem of deter- 
mining the moat suitable pitch to give a roof, and they must be 
carefully considered before arriving at a decision. In the first place 
there is to be i-on:sidered the appearance of the Gniahml roof when 
the building is completed. In this connection it may he said ifaai 
personal preference and iiidixidual taste on the part of the dcOfner 
are the determining factors, and thai no hanl and fast rules cmn be 
laid down. Another thing which must l>e thought of is the relatin 
cost of the different slopes or pitclies, as this is ofien of greftt ttnpa> 
tance and, in the cose of a large number of buildings, would nuke 
considerable difference in cost. It may be saiil that in general a 
ntof with a ronijiaratively low pitch, say about thirty decrees, com- 
sponding to a riv of approximately <»j[ inches i»er foot of run, ii 
the most eoonomi<'«l so far as the roof framing alone is cnncrnicd. 
Of course such a roof gives no ac<t)mincKlatio« in the attic partton wf 
the building. Consideration must also lie gi^Tn Ici the questkn of 
the cltmale In which the projMtsed building is to be eiwird, aa this 
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will have a very decided influence upon the decision in regard to the 
most siutable pitch for the roof. In cold northern climates where 
the snowfall is great, it is best to have a roof with a steep pitch, so 
that it will shed the snow and rain, or melted snow as quickly and as 
thoroughly as is possible. In a warm southern climate where there 
is no snow and where the rain fall is not large, a roof of smaller pitch 
may safely be used and will be more economical of construction. 
The character of the material to be used for covering the roof sur- 
faces must also be remembered in determining the pitch, since if 
this roof covering is very imj^ervious to water the roof may be given 
a lower pitch than if the roof covering is more easily penetrated by 
rain and snow. In general it may be said that roofs covered with 
slates may be safely given a pitch of from 5 to 5i inches to the foot 
run, while a roof covered with shingles must not be flatter than 
thirty degrees or nearly 7 inches to the foot run. Flat roofs should 
be covered with some preparation of tar and gravel, or with metal, 
tin, copper, galvanized iron, or zinc. Any roof which has a rise of 
less than 3 inches to the foot may be considered to be flat. 

ROOF FRAME 

Layout of Roof Plan. The laying out of the roof plan for a 
building is a problem which requires some little thought and skill 
and it may be well to give a little space to a consideration of the 
best way in which to approach this problem. Suppose that we have 
a frame building whose general outline in plan is as shown in Fig. 

175, and on which we wish to plan a hip and valley roof. There are, 
we will say, two projections or wings on the front of the building, at 
A A, another wing on the right-hand side of the building at /?, and 
another wing on the back of the building at C, 

The first thing to do is to draw the rectangle A B C D, in Fig. 

176, enclosing the main portion of the building, and leaving out the 
wings or projections. From each corner of the rectangle A B C D, 
may be drawn a line at forty-five degrees, with the side of the rec- 
tangle, each pair of which will meet at the points R R, and these points 
R R may be connected by a line parallel to the long sides of the 
rectangle. This is a plan of a simple hip roof covering the main 
portion of the building, E being the ridge and G G G G being the 
hip lines. The projecting portions or wings are, however, not yet 
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covered and in order to take care of them some further planning is 
necessary. Let us consider the two wings on the front of the build- 
ing, marked A A, in Fig. 175. We will decide to cover these with a 

simple gable roof and for 
I ■ ■ this the first step is to draw 

in the ridges. These ridges 

will, of course, come exactly 

in the center of the wings 

and will be shown on the 

plan by a line in the center 

of the plan of the wings, 

perpendicular to the line 

of the front. These lines 

should be drawn in as 

shown in Fig. 177, where they are marked E E, The lines E E 

intersect the hip lines marked G G, in Fig- 176, at a point almut 

half way Ix'twcen the comers D and T, and the peaks R R* In 



Fig. 175. Ground Plan of BuiUlinc on Which 
iUU^r Mutft Be PUccd 




--•^ 






onltT to l<H)k wi'll tlu» >l()iH' or |>itrli of thr sides of the pitrh nvif 
wliii'h i'o\rr-* thr xNiiiL'^ .1 -I. must lu* thr sime as the sIojh* or pitrh 
(»f till' i-iul of the hip n»of .sho\Mi in Fi^;. \7{\ and there uiurkitl ^S ^. 
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and thus the roof of the wing A will on that side become a part of 
the roof over the main portion of the building, and the lower portion 
of the hip line G may be erased, leaving only the upper portion 
showing as a hip, as indicated in Fig. 177. The other side of the 
pitch roof over the wing A will, however, not correspond with any 
slope in the roof over the main portion of the building and must 
intersect it in some line. Since the ridge E is at the top of this roof 
surface and the wall line of the wing A is at the bottom of the roof 
surface, a line drawn from the comer in which the wall line of the 
wing intersects the wall line of the main portion of the building, to 




Fig. 177. Added Derelopinent of Roof Plan Covering Wings A, B, and C of V'xv:. 175 

the point in which the ridge line intersects the hip line of the main 
roof, will be the line of intersection of .the two roofs. This line is 
shown in Fig. 177, where it is marked F. The line F in the plan, Fig. 
177, will represent a valley. Thus we have the two wings, A A, 
Fig. 175, completely roofed over, and the small roofs connected to 
the large main roof. 

Suppose that we wish to cover the wing on the right-hand side 
of the building also with a simple gable roof. This wing is marked B 
in Rg. 175. We proceed in the same way as explained for the wings 
A A, drawing the ridg^ line E, in Fig. 177, until it intersects the 
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hip line of the main root G and then drawing tlie \'8lley Urir /*. The 
slope on the back side of the root over the wing B sliould have the 
same slope as the back side of the main hip roof and, tlierefore, tlic 
lower part of the hip Une G, starting at the point fi.cati \*e vrased, 
leaving only tlic three Unes, E, F, and G, shown in Fig. 177. Thus 
the wing B is completely roofed over and shown in plan. The Une 
F in thirt case also represents a valley. Suppose that we wish to 
cover the wing on the back of the building, marked C in Fig. 175, 
with a liip HKif instead of a gable roof. 

We will start at the outside corners, aud from these points draw 
lines G in Fig. 177 at forty-live degrees with the front and side 
wall lines of the wing, until they meet. The lines must meet exactly 
in the center of the «ing between the two side wall lines, and from 
this point a line should Ik- drawn at right angles to the front wiiU 
line of the wing, but away from this wall line instead of towards it. 
This hne is marked E in Fig. 177. It will intersect the hip line G 
of the main roof and from this point of intersection a line F should 
be drawn at forty -five degrees, wliicli will meet the sude wall Unc of 
the wing in the point in which tliis side wall line meets the main wall 
of the building. One slope of the roof over the wing C, Fig. 175, 
will be the same a.s the slope of the end of the main lup roof, aiid so 
the lower part of the line G, starting at the point .1, may be erased 
and tlie upper part only left to show as a hip Une. The line F in ibis 
ease idso will l>e a valley line. Thus llie wing C, Fig. I7o, will be 
eompletel>' roofetl over ami shown on the plan. Otir roof plan is 
now complete in outhne, all the lines marke^l E being ridges, all 
the lines marketl G tieing hip lines, and all the Unes marked F being 
valley lines. The same method of proeedure may be follciwed out 
in the case of any n>of plan, and the final complete plan obtained by 
successive steps as e:;plaiiK-<l above. Tlie firnl step is alw»ystoJ»y 
out the r(M)f over the main portion of tlie building and then to pnMxcd 
with the rixiling of the projecting ix»rtions or wings. 

Ridge. In the lean-to roof the rafti-rv rest at the top A|puR9t 
the wall of the building of which the ell, or porch, is a |Mut ; Mid tbe 
work nf framing the roof consists amply in setting them ttp »ad 
securing them in place with spikes or nails. The pitch nnf, bo«> 
ever, is formed on the princijde that two pieces which ate implied 
•gaiiut each otlier will luJtl eacli other up, aud m> tbe imftera muit 
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rest against each other at the top in pairs, as shown in Fig. 178. 
It is customary to insert between the rafters, at the top, a piece of 
board about 1 indi in thickness and deep enough to receive the 
whole depth of the rafter, as shown at ^ in Fig. 179. This piece of 
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board is called the ndge or the ridge poU and extends the whole 
length of the roof. It serves to keep the rafters from falling side- 
ways, and keeps the roof frame in place until the roof boarding is 
on. It is sometimes extended above the rafters, and forms a center 
for some form of metal finish for the ridge, as shown in Fig. ISO. 

Interior Sunwrts. In small roofs which have to cover only 
narrow buildings and in which the length of the rafters is short, 
there is no necessity for any interior support, and when the rafters 




Ittve been cut to the correct length, set up against the ridge, and 
**^ured in place, the roof framing is complete. In long spans, how- 
*^'CT, the roof would sag in the middle if it were not strengthened in 
*"* Wy, so it is customary to support long rafters as near the 
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center as possible. This support may be formed by placing a piece 
of studding under each rafter, somewhere between the plate and 
the ridge, and if this is done very much lighter rafters can be used 
than would otherwise be considered safe. It is claimed by some 
that it is cheaper to do this than 
to use the heav>' rafters. A more 
common method is to use fewer 
upright pieces and to place a 
horizontal piece A on the top of 
them, running the whole length of 
the building and supporting each 
rafter. This is shown in Fig. 181. 
An upright piece B should be 
placed under every sixth or sev- 
enth rafter in order to give the necessary stiffness to the whole 
construction. For the uprights, pieces of ordinary studding 2X4 
inches or 2X3 inches in size may be used When there is to be a 
finished attic in the building, these upnght studs may be made to 





FiR. 1S3. Emmplc of Double 



form the side walls of the attic rooms, and are then spaced 
about Ifi inches on centers to receive the laths. Such vraih are 
called dwarf walls. 

Another form of interior support is the collar beam or tie beam. 
This is a piece of timber which extends between the rafters on opposite 
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sdes of the roof and ties them together, as shown at A in Fig. 183. 
It may be a piece of board about 1 inch thick and S or 10 inches 
wide, which is nuled onto the side of the rafter at each end. It is 
placed as near the center of the rafter as may be practicable, and 
in the case where a finished attic is required it forms the support for 
the ceiling. For this reason it must be at a considerable height from 
the attic floor, and can not always be placed very near the center of 
the rafter. The important point is to see that it is well nailed at 
each end. 




Ra- IM. Rifter and Wsll Fi 



Double Gable Roof. A very interesting form of gable roof is 
that in which there is a double gable with a valley between, which 
forms the roof of an ell when the main roof is a simple pitch roof. 
TTiis form of roof is shown in Fig. 183. Fig. 184 shows how such a 
roof may be framed. The piece A is placed in the wall and supported 
by the studding so as to serve as a plate to receive the ends of the 
valley rafters B. These, together with the piece C. form the framing 
for the shallow valley between the two gables. The valley rafters 
on the outside, marked D in the figure, are similar to those used in 
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the case of a s\ng\e gable. The pieces £ E ape j'nck rafters and an 
very short. This form of roof is not common, but in some places tt 
gives a good effect. 

Qambrel Roof. A gambrel roof is framed in very much the 
same way as is a pitch roof or a hip roof. The slope of the roof, 
liowever, is broken at a point between the plate and the ridge. 
The part of the roof above this break makes an angle with the hiiri- 
zontal plane of less than forty-five degrees usually, while the portiua 
below the break makes an angle with the horizontal plane greater 
than forty-five degrees. This is shown in Fig. lS.i. 

The lower slope may almost lie considered a part of the waD, 
and at the point where the slope changes there is u secondary" pUtr 
from which the iipiXT slope 
starts, as shown at .1 in Rg- 
IS5. Tlic secondary plate roay 
be utilized aa a support for the 
ends of the ceiling joisU B, 
which should also be wcurdy 
spiked to tlie rafters, aa abown 
in the figure. The rafters C 
forming the upper slope, must 
be cut over the plate A, and 
finnly spiked to it, while at the 
lop they rest against a ridge 
Ixiard D. llie rafters E, form- 
ing the lower slope, are rut out 
at tlie top so u to fonn a sou 
for the plate A, and must he 
very securely fastened at the bottom to the main wall plate t\ 
It is an excellent plan to have the tloor joists G spiked to ihc Icnrrr 
rafters, so as to act like tie beams across the building a^id to countenct 
the outward thrust of the rafters. Sometimes these fliM)r Joists ar« 
dnipfxtl Mnvr the wall plittc F, and are supported on a Inlger baud 
notched into the wall studding /. This construction is not ao good 
' as tlutt shown in the figtirv, l>eeAUse the joist is not so effective u a 
I tic ocroa the building. If it la employed the floor jtiist must he 
securely nailed to the wall studding /, ami they must not in any cue 
be dropped more than 2 or 3 feet below the plate. The pUte must 
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Fie. 186. 



ig. itM). Method of Finding 
Contour for Gambrcl lloof 



always be firmly nailed to each stud to prevent it from being forced 
outward as it receives the thrust from the rafters E, 

A good rule for determining the point at which to place the 
secondary plate, and for determining the general shape of the roof, 
is illustrated in Fig. 186. Let the points A 
and B represent the main plates on each 
side of the building. Draw a line A B 
between them and bisect this line at C. 
With C as a center and C -4 as a radius 
describe the semicircle A D E F B. At 
any distance G above A B draw a line D F 
parallel to A B, cutting the semicircle at 

the points D and F. Also bisect the arc at E. Then by joining 
the points A D E F and B by straight lines as shown, we will have 
the outline of a gambrel roof. The proportions of the roof may be 
varied by varying the distance G. 

Gambrel roofs are not very strong unless they are stiffened by 
cross partitions in the attic stories, and these should be provided 
whenever it is possible. No gambrel roof, unless it is well braced, 
should be used on a building which is exposed to high winds, or which 
is likely to receive a heavy weight of snow. 

Mansard Roof. A mansard roof is 
framed in very much the same way as is a 
gambrel roof, as may be seen in Fig. 187. 
Resting on the main wall plate A, we have a 
piece B which is inclined slightly inward, and 
which supports at its upper end a second- 
ary plate C. On the plate C rests the outer 
end of the deck rafter D which is nearly 
horizontal. The piece 5 is a piece of stud- 
ding, 2X4 inches to 4X6 inches in size, 
depending upon the size of the roof. It sup- 
ports the whole weight from the rafters, 
carrying this weight to the main wall plate 

and thence into the walls of the building. This member should 
always be straight, and the curved shape which is usual on 
mansard roofs is obtained by the use of the furring piece E. The 
piece E is nailed to the upright member B at the top, and at the 
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In order to coDstruct a dormer window an opening must be 
made in the roof surface, and the window must be built up over the 
opening. Headers are framed in between two of the rafters as shown 
at A and B in Fig. 190, and thus a rectangular opening is formed in 
the roof frame. The rafters C and D, which form the sides of the 
opening, are called trimmers and should be much stronger than 
the common rafters. Usually the trimmers are made by doubling the 
ordinary rafters. The headers receive the ends of the rafters which 
are cut by the opening, and must be lai^ enough to carrv the weight 
which comes from them besides supporting the walls of the dormer. 
Timbers 4X8 inches to 6X10 inches, according to the size of the 
dormer, are usually large enough for the headers and often smaller 
timbers may be safely used. 

The headers are shown in section at A and B in Fig. 191, and 
it will be noticed that they are not used in exactly the same way. 
"Hie piece at the top A is 
so placed that its longer' 
dimen^on is at right angles 
to the plane of the roof, : 
while the piece at the bot- i 
torn B has its longer dimen- 
sion %-ertical. In the case 
shown in Fig. 189, where 
the front wall of the dormer 
is merely an extension of 
the main wall of the build- 
ing, there is no need of the 
lower header B, the main 
wall plate taking its plan 

and supporting the studding for the front wall of the dormer, as 
shown at the right-hand side of Fig. 191. 

Fig. 191 shows sections taken through two dormers of the types 
mentioned above, parallel to the direction of the main rafters and 
at right angles to the main wall plate of the building. At the left 
b a section taken through the type of dormer shown in Fig. 188, 
while at the right a section of the other type is shown. The studs 
C C which form the side walls of the dormer, are notclied over the 
trimmer rafters and roof boarding about 1 inch, and allowed to con- 
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tinue downward to the Bttic floor. This is shown at section D D. 
At £ is a section of the trimmer rafter, C is the wall stud, G is the 
attic floor boarding, and Hha section of one of the attic floor joi^s. 
The studs C are in line with the studs forming the ^de walls of the 
attic room, 30 the studs I can not be carried down to the attic floor. 
They are stopped, at the bottom, against a 2X3 indi strip K whidi 
is nailed to the side of the trimmer rafter. At Z is the ridge board, 
and M M M are the short rafters which form the pitch roof of the 
dormer. They may be very light, as they are short and carry little 
weight. They rest, at the foot, on a plate 0, and at the top bear 




against the ridge board L. In the dormer shown on the right of the 
figure the rafters P are in planes parallel to themain rafters, and a 
furring piece S may be nailed to each of them so as to give the dormer 
roof any desired curve. 

Besides the openings in the roof frame for dormer windows 
there must be other openings for chimneys and skylights. These 
are formed in the same way as explained for the dormer openings, 
with headers and trimmer rafters, A plan of such an opening is 
shown at E in the roof framing plan in Fig. 174. 



CARPENTRY 



133 



RAFTERS 

The ends of rafters are usually cut to fit accurately against one 
another and against the plates on which they rest. The cutting of 
these bevels is not at all difficult when the relation of the rafter to 
the roof surfaces is seen and the steel square is used to show this 
relation. 

Conunon Rafters. Method of Cutting Bevel. Fig. 192 shows 
the bevels that are used on the common rafters in a simple gable 
roof such as is illustrated in Fig. 163. In Fig. 191, B is the plate 
and £ is a point midway between the two plates, and the distance 
D E is the run of the common rafter C. P is the point where the 
line drawn through D parallel 
to the edges of the rafters is 
directly above the point E. 
The distance DP is usually 
taken as the length of the 
rafter. 

The length is taken from 
these points because the dis- 
tance D E represents the exact 
run and E P represents the rise 
for this run. 

The first step to take in 
lading out the rafter is to 
locate the point D on the uncut 
piece as shown in Fig. 193. 

The point is chosen so that it is far enough from the end to form 
the eaves F D, and the distance JD is usually taken 2 inches 
on a 2 X 4 inch and 3 inches or more on larger size rafters. It is 
well to remember that the measurement is to be taken from the top 
in order that the r^of surface may always be even and smooth 
throughout. Now the edge of the blade of the square must coin- 
cide with D, but the position which the square will take depends 
entirely on the pitch. 

In all cases 12 inches is used on the blade of the square and the 
figures on the tongue depend on the rise per foot of run. If the rise 
of the rafter b 12 inches to the foot, 12 inches should be used on the 
tongue also. If the rise is 10 inches, use 10 inches on the tongue. In 
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Diagram Showing Bevel Used on 
Common Haftcra 
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the cut the rise is 8 inches to the foot, the run is 12 feet, the rise is 
8 feet, and 12 and 8 are the figures used. 




^^^^^^^^ \ 




Fig. 103. Method of Laying Out Rafter with Steel Square 

Usually the carpenter uses the edge MN to obtain this bevel 
but the line F P may also be used. The line DO is the heel or plate 
cut, as shown in Figs. 192 and 193. The rafter is sawed along the 
lines F D and D 0, Now the next step is to find the length D P. 
This may easily be determined by any one of four methods. The 
easiest of these is to turn to the rafter table on the square. Oppo- 




Fig. 194. Method of Cutting the Bevel at the Top of the Rafter 

site 12 — 8 — \ and under the 12 (indicating feet run) the length is given 
as 14 feet 5 inches. By extracting the square root of the sums of 

the artttniitc^ r\f «*ioa nrkf^ i*ii«-i +Vi^ oorrtck »»«oitl+ lo ^-kVi^'om^^rl T^H*» ♦rilWrt 



is given 



square of rise and run the same result is obtained. The third 
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way is to measure the distance in inches and twelfths from the ] 2 
on the blade of the square to the 8. Each inch represents one foot 
of length and each twelfth rep- 
resents 1 inch. TTie distance is 
14 feet 5 inches. The fourth 
method is to use the method 
illustrated in Fig. IW. First 
locate the line DP and then 
beginning et D move the square 
along the edge of the rafter as 
many times as there are feet and 
fractions of feet in the run; thus 
the point P b determined. 

A little study of the figures 
will suffice to reveal to anyone 
the reason for this method of 
procedure. Every time the square 

is moved into a new position it has advanced 12 inches or I foot along 
the run of the rafter, since the distance /* £ is 12 Inches and is meas- 
ured horizontally. After the square has been moved twelve times 
it has advanced 12 feet along the run of the rafter or the distance 
required. Thb pves the position of the top bevel. It should be 
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noticed that for a run of 12 feet the square must be moved along 
twelve times; for a run of 8 feet, eight times; and so on. The run 
of the rafter may be easily obtained by subtracting one-half the 
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thickness of the ridge board from one-half of the total span of the 
roof from outside to outside of wall plates. 

Fig. 194 shows the rafter in the position which it would occu|iy 
in a building, the plate and a part of the wall studding being inifi- 
cated. When the rafter is cut along the line N 8, Fig. 183* it if 
ready to be put on the building. In case, however, that a lidge 
board is used to hold the rafter in place, as shown by R in Fig. ISZ. 
the rafter is cut parallel to NS but shorter, as shown in Fig. 196, 
one-half of the thickness of the ridge board being cut away. The 




Fig. lOS. Ik'Vi-U for Vulh'y uml Hip Kaftcn 

cut at DO, Fi^. 192, is horizontal, and the bevels at A\S and I'/iT, 
Figs. \[).\, VM, and li>r>, are plumb cuts. 

In case a coiici»ale<l fitter is usi»d and the rafter is set directly 
over the wall, the line DP coincides with the line J/.Y, Fig. 193, 
and the rafter has only the horizontal cut at the Inittom or a hori- 
zontal and vertical cut, as shown in Fi^. IDG and 197. 

X'alley and Hip Rafters. In Fig. IIKS the rafters TT are valley 
rafters and. although the In^vels for these rafters are not the same 
as the conunon rafter in either nM)f surface, yet the bevels depend 
uiK)n the relation In'tween the (*oninion rafters and the valley rafters. 
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It is best to consider the conimon rafter as the hypotenuse of a right 
triangle or as the diagonal of a rectangle whose length is the run of 
the rafter and whose width is the rise of the rafter. In studying the 
valley rafter it is evident that 
there are three dimensions to be 
considered. Rafter C extends 
to the right to the ridge of the 
main roof besides rising. It 
may, therefore, be considered 
as the diagonal of a rectangu- 
lar solid. For instance, if the 
run of the conunon rafter is 

12 feet, the rise 10 feet, and 

the distance MR is 8 feet, the 

valley rafter will form the 

diagonal of a rectangular solid 

12 inches X 10 inches X 8 

inches, and its length and 

bevels can be found as shown 

in Figs. 199 and 200. In Fig. 

198 we find the run which is the hypotenuse of the tnangie 
C R M. That is, the run of the valley rafter is taken from the dis- 
tance between the 12 and 8 on the square. It is 14 A inches, 
showing that the run of the valley is 14 feet 5 inches. Now 
the rise is the same as the rise of the common rafter C R. That 




Fig. 199. Method of Finding Bevels for 
Various Runa of Rafters 




Fig. 200. Cutting Bevels on Common Rafter 



*^» it is 10 feet and the bevel at the foot of the rafter is cut along the 
"*^e of the square when the figures read 14 1\ inches on the blade and 
*^ indies on the tongue. 

The plumb cut at the top of the rafter is made by holding the 
^^toe in the same position and cutting along the tongue. 
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The length of the rafter is detertnined either by measuring the 
distance from the 14A and 10 on the square w by finding the aqnue 
root of the sum s of the square s tX the three dimenwms. The latter 
method gives 1^144+100+64= 17^- 17 feet 6 indies (appraz.). 

The layout of a hip rafter is the same in prindi^ as the layont 
of a valley rafter. To find the nm of a hip rafter, find the diagonal 
of a square whose sides are equal to the run d the common rafter. 
That is, if the run of the common rafter is 10 feet, the nm at the hip ■ 
rafter is the hypotenuse of a ri^t triangle whose udes are 10 feet 
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Hii'l tills riistiiiKf is 14.14 tn-t or 14 fwt 1) inches. The rise of the 
liip is tlic sjiirii- Hs the risi- of the common rafter. If, then, the ris«* i> 
S fret, use 1 H inolu-s on the Miidt' and N inches on tlie tonirue to lay 
(itr thi- horiziiiitnl ami the pUimli cuts. The lenjjth of the hip is thr 
liyiMitfimsc of tlie trianfile In'twccn the 14i-inch mark on the hladr 
iind the Viiwli iiiitrk on the toiifnie. To cxtmpute this tnatht-mit- 
iciilly wf liavf I ni'+ l()- + s-= 1' '2M= Ut.^'t fwt, or l(i fi-et :i iiK-brs. 
Wlicn II \alli'\- ruftiT serves to conmvt two roofs of unvqual 
pitcli aii<l width, llie prtiMein is more complex. In Fi(;. ISH a lOX 12 
fiMit oKif covers the main hiiiltiint; and an SX 12 f<Kit roof mvers the 
1*11 on the left. The rise of rafter J (' is i:j fi-ct 4 inches, the rise uf 
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rafter C D is7 feet 6 inches, and the ridge of the main roof is nearly 
G feet above the ridge of the ell. 

One of the valley rafters C/* runs to the ridge of the main roof, 
its rise being 13 feet 4 inches. In extending to F the valley runs 16 
feet toward the main ridge, and the distance AFis found by propor- 
tion or by drawing the plan to scale and measuring. 

In using proportion, take the run of the common rafters A C 
and C D, If the ridge of the ell roof coincides with the ridge of the 
main roof, the common rafter C M would be in proportion with C D, 
thus: 

Riseof CDiriseof CM::runof CD: runofCJf 
Substituting 7,^.. jg,^,.. jQ, . ^^ ^j ^ 3^ 

90:160 :: 120: run of C3f 
Run of C3f= 2131' 
= 17'.91' 

Now find the diagonal distance CF by mathematics or the use of 
the square. On the square use 17f inches on the blade and 16 inches 
on the tongue. 

The distance is 23 feet 11 inches. The rise is 13 feet 4 inches. 
Hence, use 23ri inches on the blade and 131 inches on the tongue 
to give the horizontal and plumb bevels and length of the valley. 

To cut the side bevel at the top, use the distances C M and A C, 
cutting along the C M side. In order, however, that this cut car he 
made accurately, the rafter must be backed and the square laid on 
the backed surface. Few carpenters, if any, ever back a \aLey 
rafter and consequently a roundabout method is used to get this 
bevel. The conunon result is, that the bevel very rarely fits snugly 
against the ridge. ^Vhe^e the rafter is not more than 2 inches thick, 
the misfit is not so noticeable, but in 4-inch material the open joint 
must be "doctored" by gauging and resawing after it has been tried. 

WTien the rafter is cut properly and set in i)lace it will be found 
that the plane of its top surface does not lie in either of the two roof 
surfaces. The surface of the top lies at an equal angle to each roof 
surface and one edge extends up above the other rafter in both 
roofs. 

Fig. 202A shows how the edges of a hip rafter extend over 
the plate at the bottom. To overcome this the rafter can be 
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backed or cut shorter as shown in Figs. 202B and 202C. To back the 
rafter, lay the square on the bevel at the bottom end in the posttioD 
the plate will occupy. Now mark the points C D and draw the lines 
D F and C G from these points parallel to the edge of the rafter and 




Fig. 202. CuttlDc IU(ter to Prevent Ends from ProJMtins Over PIkto 

cut away the triangular part A B DFH and A ECGH. This is an 

expensive means of making the rafter conform to the roof surface and 

most carpenters merely shorten the rafter until the out^de comers 

conform to the surfaces, as shown in Fig. 203. 

If the rafter is not to be backed, the effect of backing can be 

easily obtained by nailing a thin board on the top of the raftCT 
and gi\ing this board the proper 
bevel. The method Is illustrated in 
Fig. 204. 

The clapboard A is nailed at 
the edges and the one side wedged 
lip to the angle the backing would 
take, care being taken to allow tbe 
square to touch the edge B B of the 
rafter at C C. The square used on the 
si{le of the rafter gives the plumb cut 
C D, and C M over the clapboard gives 

the side bevel. In cutting, the saw is held at an angle to coincide 

with both CD and Til/. 

In the rafter B K, Fig. 2{)1 , the horiifontal cut at E is obtained 

by using 23 feet 1 1 inches and 13 feet 4 inches and is the same as the 
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cut at C. The length of the rafter can be found by using proportion 
or by finding the length of B D. 

In using proportion, it is evident that B E, the run of the short 
valley, is to OF as 7 feet 6 inches, or 90 inches, is to 13 feet 4 inches, 
or 160 inches. 

BE:287::90:1GO 



TTie rise is 7 feet 6 inches and the run is 13 feet 5| inches. 

Another way in which the problem may be solved, is to find 
where the ridge of the ell intersects the main roof surface. The inter- 
section is at a height of 7 feet 6 inches which is ^VV of ^he run of 




Ks. S04. Mathod of Uaiog Clapboard la Cut Bevel on Rafur 

AC,oT * of 16 feet and the distance B Dis just 9 feet. Hence, the 
run of £ £ b »^10'+9'= 13.45= 13 feet 5i inches, and this is iV of 
therunofthe rafter Of. Hence, therunof Cfis 13.45X V = 23 feet 
11 inches. 

The end cut at Bon B E, that is, the bevel that fits against CF, 
to be cut accurately, must be handled like the side bevel at F. First 
cut the bevel at the plate and get the backing line that makes B E 
lie in the midn roof surface. Now, at B, either back the rafter a 
short distance, or use a clapboard as in Fig. 204. 

Jack Rafters. Fig. 205 shows the plan of the roof in which 
there are, in addition to hip and valley rafters, sets of jack rafters. 
A B and B D are hip rafters, C E is a valley rafter, and the other 
rafters are common and jack rafters. At B E and E II are shown 
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the ridge boards. Of the jack rafters there are three different kinds: 
thase like / J which run from the valley rafter to the ridne Itoan); 
those like KL which run from hip rafter to plate; and those tike 
N T, which run between the hip and valley rafters. These jack rafters 
differ only in respect to the bevels which have to be cut <»u them. 
The rafter /■/ is a simple plumb cut at the top, amitar to the cuts 
at the top of the common rafters, and at the bottnui wlit-rr the 
rafter meets the valley there are two cuts — a plumb rut and the 
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side cheek cut — which are similar to the cuts in a valley raftfr where 
it comes against a ridge board. This cut has been pm-ioualy 
explained. 

The rafter KL ha.i a simple horizontal cut at the bottom like 
that used on the common rafter, but at the top there are two mU 
similar to those at the foot of rafter I J. The mftrr S T has two 
ruts at Iwth top and Irattom. .\II these bevels are obtained juA •• 
llic bevcla for the hip and valley rafters. 

The length of a jack rafter U pro]>ortioual to its dist&nra frocn 
the ridge or plate to which it is parailrl. The longest jack niter a 
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equal in length to a common rafter, and the lenji;th steadily decreases 
as the distance of the rafter from its first full length rafter. The 
exact difference in length between the first jack rafter and the next, 
is determined by finding how far apart the jack rafters arc to be 
placed, and comparing this distance with the distance from the top 
of the first full length jack rafter to the point where the hip or valley 
rafter rests on the ridge board or plate. Suppose, for instance, that 
the rafters are to be spaced 2 feet apart, and the length of the com- 
mon rafter is 10 feet. If the distance from the top of this rafter to 
the point where the valley rafter is fitt(H:l against the ridge is 12 feet, 
it is evident that each rafter will be 2 feet shorter. That is, the 




Fig. 208. Roof Plan Showing Rafters Cut for Ogee Uo«)f 

second rafter will be 8 feet and the next G feet and so on. Wc use 
six spweSf although there are only five rafters, there being no rafter 
used where the valley and ridge join. 

Curved Hip Rafters. A form of hip rafter which is sometimes 
a source of considerable trouble is one which occurs in a curved roof, 
such as an ogee roof over a bay window, or a (nirved tower roof. 
The dope of the curve to which the top edges of the common rafters 
must be cut, is determined from the shape of the section of the eurv(»d 
roof surface, but the curve at the top of the hip rafter is entirely <lif- 
ferent and must be determined in another way. The principle used 
in finding this curve is the same as was employed in tlie ease of the 
valley rafter, namely, that any line drawn in the roof surface parallel 
to the wall plate must be horizontal, or that it nmst be exactly the 
same elevation throughout its entire length. 
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F\g, 206 shows how this may be applied. At .1 is shown a plan 
of an ogee roof over a bay window with a hip rafter IJ E and com- 
mon rafters. At B is shown an elevation of one of the common rafters 
cut to coincide with the cur\-e of the roof surface. The shape of the 
curve may be varied to suit the fancy of the designer. At C is shown 
an elevation of the hip rafter D E, showing the curve to which it must 
be cut in order to fit into the roof. 

To determine this curve wc draw on the roof plan at A any num- 
ber of lines, parallel to the wall plate. Thesi* must l>c horizontal, so 
that any point in either of the lines is at the same height alK)ve the 
top of the plate as in every other iK>int in the same line. The 
lines F G and /// in the elevation, shown at li and (\ n*prescnt the 
level of the top of the plate. By projection wc find that the line 
KO X L, for example, is at a distance M X above the top of the plate 
at the jK)int where it crosst»s the common rafter shown at /?. Kver>' 
other point in this line is at the siime elevation, including the |Miint 
0, in which it intersects the center line of the hip rafter /> E. Hy 
projection we can hK'ate the point in the elevation shown at r, 
making the distance P equal to the distanc*e M X. 

In the same way we can (»btain as many points in the curve i»f 
the hip rafter as we have lii»cs <lrawn on the roof plan. The lim-s 
may be drawn as close together as we wish, and the nunil>er of |N»ii;tH 
obtaiiictl mav thus he increasctl intiefiiiitt'Iv. Wlu'U a >ulli«ifi!l 
iuiinl)tT of p(mit> liavi' ht't'ii l<>cattMl, tlie curve can l>t' drawn tlir«tu^h 
them, and a pattrrn for tlie liip rafter i-^ thus ol)taiin*tl. Tin* '-n;i;f 
of the (Mirvf ftir a valli'v rafter is ft»und in the same wav as e\i»l;il:n <l 
for a hip rafter. 

ATTIC PARTITIONS 

It 1- ijftfii nrcr^^arx to l»uil«l partitHm-^ in tiir Murv diri*« tl\ 
iMiirath tlic pMif, and >U(li partitinn-i nnl>^l I'Xti'nd eli'ar up to ti:e 
uriilrr -iilf (if thr raftiT> and Iw cnnnei'icd with ti»«'in in S4»nu' wa*. . 

• 

'{'hi- rriak('> it lUM-r-^ary to cut the tnp-i tif the >iuds on a U'vil t • 
rMrn-piiinl with tin* pitrlj of the ^aft^•r•^. and tlu* cutting i»f tlii'. 
Iirvtl i- in»t al\va\'- an ca•^\ ta«-k. I'i::. *Jt>7 shows tiic franji»i;: pl.iTi 
of tlir pMif of ;i -mall -iniplc I»niMinir. In thi-^ figiire .1 li i^ tin* riilj»-. 
Tin- plati- i\t« ntl- aniUTKl thr out^idf fn»ni (' to /) to /.' to t\ avA 
hark a^rain to (': and (i II I ./ K L arc the rafters. .\ partition // M 
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is shown beneath the roof running diagonally across the building, 
making an angle with the direction of the rafters and an angle with 
the direction of the ridge. At iV is shown another partition 
running parallel to the ridge, and at P Q still another, running parallel 
to the rafters. Now since all the rafters slope upwards from the 
plate to the ridge, it is evident that the tops of all the studs mu.st 
be cut on a bevel if they are to fit closely against the under sides of 
the rafters. This is illustrated in Fig. 208, where the stud A must 
fit against the rafter B. 

To take the simplest case first, let us consider the stud marked 
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Txt,. Xn. Frsmiog Plan of Rool of Simple Building 

R. Fig. 207. Since all the rafters have the same pitch or slo|>e, nil 
the studs in the partition N will have the same Ijcvel at the top, 
and if we find the bevel for one we can cut the bevel for all. Fig. 
208 shows this stud drawn to a larger scale and separated from the 
rest; .4 B D C is a plan of the stud, and the rafter is shown at i^f // (7. 
We will take the distance F H, or the run of the part of the rafter 
shown, as one foot exactly. Now if A , and B, represent a side eleva- 
tion of the rafter and stud, the run of the part of the rafter shown is 
the distance J Q, and the distance Q should be equal to the rise of 
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the rafter in one foot. Let the rise in this case be 9 inches. IIko 
K N shows the bevel of the top of the stud. If the stud is a 2X4 
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stick, the distance A' R is just 4 inches or one-third of the run of the 
rafter, and consequently the distance fi JV is just 3 inches, or one 
third of the rise of the rafter. 

In the case of the studs forming 
the partition PQ in Fig. 207, the bevel 
is found in the same way, the only 
difference being that the rafter now 
crosses the stud, as shown in Fig. 209, 
where A B C D is the stud and EFGII 
the rafter, both shown in plan. 

In the case of the partition II M, 
Fig. 207, we have to deal with a some- 
what more difficult problem because 
the rafter crosses tlie stud diagonally 
and the studs must Iw bc^eliil diag- 
onally on top so that the bc^■el nill run 
"" lioJi KmmiilS TJinpii'iuIii- *"' f n>m comiT to corner instead of straight 
across the stud from side to side. An 
enlarged plan of one stud with the rafter running across it is shown 
in Fig. 210. Let A ISC I) bo the stud and E F (! II the rafter: 
/ ■/ /, K shows the rafter in elevation looking in the direction showa 
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by the arrow, and AiBi CtDi shows the stud as seen from this 
same direction. The edge ZJ, of the stud can not be seen from this 
side and is shown as a dotted line in the figure. The rafter runs 
across the stud, thus giving the bevel Ai Bi C, D^ as sliown in the 
figure. 

SPECIAL FRAMING 

We have, in the preceding pages, considered the framing which 
enters into a building of fight construction, such as an ordinary dwell- 
ing house, but there are certain classes of structures which call for 
heavier framing, or framing of special character. Among these 
may be mentioned battered frames, or frames with inclined walls; 
trussed partitions; inclined 




and bowled floors; special 
forms of reinforced beams 
and prders; the framing for 
balconies and galleries; tim- 
ber trusses, towers and 
spires, domes, pendentives 
and niches; and vaults and 
groins. These subjects will 

, , ... Fig. 211. Billcrod Framo 

now be taken up and dis- 
cussed, and the methods employed in framing such structures will 
be explained. 

Battered Frames. Sometimes it is necessary to build a structure 
with the walls inclined inward, so that they approach each other at 
the top, and so that the top is smaller than the bottom. This is the 
case with the frames which support water tanks or windmills. An 
elevation of one side of a frame of this kind is shown in Fig. 211 
with a plan in outline at C. It will be seen that the corner posts 
A A are inclined so as to approach each other itt the top, and that 
they are not perpendicular to the sill at the bottom. This means 
that the foot of the post, where it is tenoned into the sill, must l>e 
cut on a bevel, and the bevel must be cut diagonally across the post, 
from corner to comer, since the post pitches diagonally toward the 
center, and is set so that its outside faces coincide approximately 
with the planes of the sides of the structure as indicated in the 
plan shown in Fig. 212. The girts B, Fig. 211, will also have 
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to have speciid bevds cut at thdr ends, where th^ an framed into 
the posts. 

After a comer post has been cut to the proper hevd to fit againit 
the sill the section cut out at the foot will be diamond shaped, ■■ 
shown Bt ABC Dia fig. 212, whidi shows a plan of one comer of 
the «U. It will be noticed that the faces ^ A and ^ Z) of the poit 
do not ccnndde with the edges of the mil il J* and AG. Uibt ttra^ 
ture ia merely a frame and is not to be covered over with the boaid- 
ing on the outade, it u not necessary that the outade faces cf ths 
post should coindde racactly with the planes of the ndes of tha 
structure, and in this case posts of sqtiare or rectangular sectiaa majr 
be used, with no framing except the bevels and the mortiMB Urn 
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the girts. If, however, the frame is to be covered in, the post 
must l>c backed in order that it may be prepared to recd%*e the 
buarding. 

The liacking con^sts in cutting the post to such a shape that 
when the bevel is cut at the foot, the section cut out will be "wilar 
to tliat shown at K Ji (' I) in Fig. 212. Tlie baeke<l p»»t must then 
hf set on the sills so that the [mint E will eome at the corner A. 
Tin- fnei- of the post E It will then coincide with the face of the sill 
A F. The post sliould be backed l»efarc the top bevel is cut because 
setting it bnok the distance .1 E may make a difference in the requind 
length Ix-twcvii Ih-vcIs. If the post iit of square section before badcing 
it will have, after backing, a peculiar rhombus-shaped iwction, as 
is shown at A in Fig. 212. Here 11 1 J K shows the original square 
section, an4l I.IJK shows the section after hacking, lliese Mo- 
tions are taken .square across the post |)erpcndieular to the edges. 
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Fig. 213 shows how the foot cut for the inclined post may be 
obtained by using the steel square. In Fig. 211 it will be seen that 
the post A slopes toward the center in the elevation there shown, 
and it likewise slopes toward the center in the other elevations, 
either with the same pitch or with a different pitch. The result of 
the two slopes is to cause the post to slope diagonally. It is an easy 
matter to find the pitch in each elevation since it depends upon the 
size of the base and top, and the height between them. We then 
have the two pitches, the combination of which gives the true pitch 
diagonally; they can, however, be treated separately. The square 
may be applied to the post, as shown in Fig. 213, with the rise on 
the blade and the run on the tongue, and a line may be drawn along 
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214. Method of FindinK Amount of RackioK 

for Post 



the tongue. The post can then be turned over and the pitch shown 
in the other elevation may be laid off on the adjacent side in tlie 
s£ime way, with the rise on the blade and the run on the tongue of 
the square. Thus a continuous line A B C D may be drawn around 
the post and it can be cut to this line. 

Fig. 214 shows how the amount of backing necessary in any 
particular case may be determined. Suppose that we have a case 
where the plan of the frame is not square, as shown in Fig. 211, but 
is rectangular, one side being much longer than the other. In this 
case the diagonal of the frame formed by the sills will not coincide 
with the diagonal section of the post. Fig. 214 shows at A a plan 
of the post as it would appear if it were set up wnth one edge per- 
pendicular to the sill 3/, after the bottom bevel is cut. To cut the 
backing, lay the steel square along the side of the post parallel to 
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a, and 8u as to crfiiicide with the opposite comer 0. When the 
triHn>;iilar pit-cc /{ S in cut away, the- bHclctng is coinj>]t.-tr. At B 
la u pliin where the p*>9t is aet with comers 7" 7*. bo as tu c 
uith the OLit^idt.- Mgca of the plate. To back tJie po&t in ihb p 
plu(v the square ho itii to coincide with the points T T, tniikinj; the 
distance C T and C T proportioiml to the Iciigtlis of the siUfl U lad 
JV. In this case, the backing connUts in cutting sway the uoft 
8TCT. 

Trussed Partitions. It i» very often neoes3ar>' to eomtnieC 
a partition in sntne story of a buildiiiR above the first anil in sticll a 
position that tlicn- ?!iii \^f ■•■< -iipport beneath it such as annfhef 




partition. In this case the partition must be made aelf-suppoctu^ 
in some way. The usual method ia to build what is known as a 
"tnLssed iwrtition." This coiisiHtH of a timber truss, light or heavy 
ucfording as the distance to Im; spanned is small or loige, which ia 
built into the {Hirtition and covered over with lathing and [daatcr- 
ing or with sheathing. 

Figs. 2l'i and 2I(> show two fonn.s of trussed partitions whidi 
are in common use. llie one shown in Fig. 215 may be emi^yeil 
for a solid [tartition, or a partition with a door opening in the middle, 
while the one shown in Fig. 21l> is applicable where the wall nuHt 
be pit-reed by diKir o)K'nings in ttie sides. The truss must be m 
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designed that it will occupy as little space as possible in a lateral 
direction, so that the partition need not be abnormally thick. If 
pos^ble, it is best to make the truss so that it will go into a 4-inch 
partitioa, but if necessary 5- or 6-inch studding may be used and 
tbe truss members may be increased in size accordingly. The faces 
(^ the truss members should be flush vnth the faces of the partition 
studding so as to receive lathing or sheathing. 

The size of the truss members depends entirely upon the weight 
which the partition is called upon to carry. Besides its own weight, 
a partition is often called upon to carry one end of a set of floor joists 




and sometimes it supports columns nhich receive the wliok ucight 
of a stoiy above In any case, the pieces mu-.t lie vcr\ strongly 
framed or spiked together, and sound material free from bhakes and 
knot holes must be used. 

In Fig. 217 is shown another form of trussed partition spanning 
the space between two masonry walls. As will be seen this partition 
is constructed in a slightly different way from the others illustrated 
and described above. At the two sides of the opening, which is in 
this case in the center of the partition, arc two uprights which are 
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made considerably heavier and stronger than the ordinary studding 
of which the frame of the partition is composed In the figure, the 
opening is marked A, and the uprights at the sides of the opening 
are marked B B. In the upright pieces shoulders are formed, as 
shown at C in the figure, and into the shoulders are fitted braces 
which go diagonally across the partition to the lower comers near 
the wall where they are notched into the lowest member of the 
trussed frame. These diagonal pieces are marked D in the figure 
and tlie lowest member of the frame is marked E The piece E 
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Tif;. 217. Triuscd Psrlition Spinaine Spare IhU -cd Two Brck Walli 

goes across from wall to wall and should run well into each wall as 
shown, so as to obtain a good bearing on the mas)Onr\ and there 
should be a bearing plate or template of some kind under each end 
of it, as shown in the figure at the points / to distribute the weight 
of the partition over a large surface of the masonry tor this pur 
pose a thin iron plate will answer \'crj' well or a Urge flat stone 
may be used. The piece /;.' strengthens the floor construction anil 
helps support the inirtition; the joists 6' rest on top of the piece E, 
or ai-e uutclied o^'e^ it, and the flooring // rests on these joists 
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Above the door opening A there are two diagonal pieces / 
which come together at the top of the partition, forming a small 
truss over the opening and completing the trussing of the partition. 
The diagonal pieces / meet the uprights on each side of the door 
opening at the point where the horizontal piece M meets the uprights, 
and they should be notched into either one or the other or both. 
Tlie topmost member of the trussed partition frame is marked in 
the figure, and on top of it rest the joists of the floor above, which 
either rest directly on it or are notched over it according to circum- 
stances. These joists are marked P in the figure. They support the 
flooring R of the floor above the partition. The main members of 
the partition frame are filled in with ordinary studding, 2X4 inches 
or 2X3 inches, spaced 1 foot or 16 inches apart. These studs are 
marked 5 in the figure. 

Inclined and Bowled Floors. In any large room which is to 
be used as a lecture hall the floor should not be perfectly level 




Fig. 218. Building an Inclined Floor 

throughout, but should be so constructed as to be higher at the back 
end of the room thar it is at the front. The fall of such a floor from 
back to front should be not more than f of an inch in 1 foot, and a 
fall of i an inch in 1 foot is much better. If the floor has a greater 
slope than this it becomes very noticeable when anyone attempts 
to walk over it. 

The simplest way to arrange for the slope is to construct what 
is known as an "inclined" floor, which rises steadily from front to 
hack, so that a Hne drawn across it from side to side, parallel to the 
front or rear wall of the room, will be level from end to end. There 
are two methods of building an inclined floor, the difference between 
them being in the arrangement of the girders and floor joists. The 
two methods are shown in Figs. 218 and 219. 
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Fig. 218 shows the arrangement when it is neces&ary to have 
the girders run from the back to the front of the room, parallel to 
the slope of the floor. In this case the girders A are set up on an 
incline and the joists B resting on top of them are level from end 
to end. Each line of joists b at a different elevation from the lines 
of joists on each side of it. The floor laid on top of the joists will 
then have the required inclination. The slope of the girders must 
be the same as the slope required for the finished floor. 

Fig. 219 shows the arrangement when it is desired that the 
girder shall run from side to side of the room, at right angles in the 
direction of the slope of the floor. The joists A will then be parallel 
to the direction of the slope, and are inclined to the horizontal, 
while the girders B are level from end to end. E^h line of girders 




Fif;. 219. Building Inclined Floor When Girders Run at Right Angles of Slope 

is at ji different elevation from every other line of girders, and these 
eKivations must be so adjusted that the joists resting on top of the 
girders will slope steadily from end to end. 

When a simple inclined floor is employed, the seats must be 
arranged in straight rows, extending across the room from side to 
side, so that each line of seats may be level from end to end. This 
arrangement is not always desirable, however, and it is often much 
better to have the seats arranged in rings facing the speaker's 
phitforni. In tliis case a bowled floor must be built. A bowled floor 
is so (jonstructed that an arc, drawn on the floor from a center in 
the front of the room, on or near the speaker's platform, will l>e 
perfectl\' level throughout its length. This means that the floor 
must pitch upward in all directions from the speaker's platform, or, 
in otluT words, it must be bowled. There are two methods of 
constructing a floor of this kind. The simplest way is to build first 
an ordinary inclined floor, which slopes from the front to the back 
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of the room, and then to build up the bowled floor with furring 
pieces. This method should always be followed when it is necessary 
to keep the space beneath the lecture hall free from posts or columns. 
The second method is to arrange girders, as shown in the framing 
plan of a bowled floor in Fig. 220. These girders A are tangent to 
concentric circles which have their center at the speaker's platform, 
and each line of Orders is at a difTerent elevation. The elevations of 
the different lines of girders are so adjusted that the floor joists B 




Fif. 220. 



which rest on them, will slope steadily upward as they recede from 
the platform. The girders may be supported on posts beneath the 
floor of the hall, and if the space under the floor is not to be used 
for another room, this is a very good method to employ. 

Immediately around the platform there will be a space D, the 
floor of which will be level, and the slojje will start several feet away 
from the platform. 

If the floor is framed in this way it means that there will have 
to be a large number of posts in the apace immediately Ijcneath the 
floor, so many in fact as to make it practically impossible to make 
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use of this space for another purpose. It would be nwcssar>* to put 
a post at each intersection of tlie prders which arc nrmtiged in 
concentric rings about the si>rakcr's pliitform, so thiH tht- jMni-i in 




aiid only a comparatively small dbtance ai>art. It is r 
to do away w-itli abttolutcly all of thc«- po»ta vxo^ u c 



CARPENTRY 157 

above, by building up on top of a plain inclined floor surface, but 
it is possible to do away with a large number of them if necessary, 
as will be explained. In Fig. 221 suppose that the space marked F 
is the flat space at the front of the room which we wish to floor 
with a bowled floor. We can place posts around this space under 
the floor as shown at the points marked A, and some more posts 
farther back from the front as shown at the iK)ints marked B, 
Between each set of points marked A and B we can run girders, 
resting at the front end on the post Ay and at the other end on the 
post B, Other girders can be run from the posts A to the wall as, 
for example, the girder A C; and others again may be run from the 
points B to the walls as, for example, the girders B D. These girders 
can all be inclined so as to slope evenly toward the front from all 
directions, so that points on all the girders at a given distance from 
the center of the room at the front wall will be at the same level. 
The framing formed by the girders may now be filled in by joisting E, 
and the flooring laid on top of the joisting so as to form a solid floor 
surface on which the seats may be placed. The floor surface thus 
formed will slope towards a point in the center of the front wall 
and all the seats will face the platform in concentric rings, each ring 
being level from end to end. In the space beneath the floor there 
will be only a comparatively small number of posts, arranged in such 
a way that the space can be utilized for rooms if desired. All the 
posts marked B will be in a straight line and can be covered by a 
partition, so that only the posts marked A will be troublesome, and 
these are clustered together at the front Avhere they can be easily 
concealed. The room shown in Fig. 221 has been purposely made 
somewhat different from the room shown in Fig. 220. In Fig. 221 
the room shown is longer than it is wide while in Fig. 220 the room 
•shown is wider than it is long. This gives rise to a slight difference 
in the appearance of the framing, but the principle is the same in 
both cases, and the two methods of procedure apply equally well to 
both rooms. 

Heavy Beams and Girders. For ordinary framed buildings 
there will be no difficulty in obtaining timbers large enough for 
every purpose, but in large structures, or in any building where 
heavy loads must be carried, it is often impossible to get a single 
piece which is strong enough to do the work. In this case it becomes 
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:: • r i -'.^. ^^^n r i :rufr^ girder of wood, or 
r.:- .r. : "x..i irri-r u: ••£ a number of mn^ 
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fi- ."'i ;».:-':_" ■...•r t:.- !■.:• -■: thr -tetl U-ain and fastened to both 
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Is Tig. Z?l b ahovB ■imflgf tona ot prdrr villi the parts 
BOtdmt as sfaon. » a to lock taenlm. Tlu« pR^-mts them (roa 
iEpfiing by each other. Bofts ueenpkn-n) to bold tfar puts tnfcrtbcr, 
ao tint tbe satbca vS ahr^rt he in dose cnaUct. Wh3r ihi* fonn 
cf ^ider b very casiljr cmstmcted, it faas duu}- dis»dvmntap9. 
A great Sal of timber is mstcd in attting out the notHie», as tbesr 
aaost be deep cnou^ to premt emslnng ol tbr wood at tbe benrbiK 
stnfaces, and thus U>e fnD suengtb d tbe timbers b not utiltml. 
!Mano\-er, it b apt to deflect a good deal, and its efficieoc>- b not bo 
great as that id other funns. On tbe vbole it b inferior to the form 
pre%'ioiiisly described. 

The compound beam wlucfa b almo«t iini\'cnall}- nmadeiTd 
tbe best is that shomi in Fig. 232. Tbb b known as a krjfed beam, 
its cfaaracterlsuo feature being the u^e uf trt/» to keep the parts 
from sliding oo each other. The strength nf a keyed beam has been 
fuund by actual experiment to be nearly iunet>--6ve per cent of the 




Fw 331- CaBpauitd GirdM 



Fit- m. ffM^fc m 




strength of the solid timber, while the ileflertioa when oak ken 
were iLted was only about on<M|uarter murr than the deflectiuo ol 
the solid beam. B>' u^ing kr%-s of cast iron instead of wood tfab 
excess of deflection in the built-up girder can be mlucrd to m very 
small pcn-eiitage. The keys should l>e uiaile in two parts, each 
shaped like a wedge, as explained in connection with tl»r keys for 
tension splices, and should be driven from opposite sidesi into the 
holes made to receive tlieni, so as to fit tightly. They should be 
spaced from H to 1(1 inches upart, wiiler to center, according to the 
size of tlic timbers, and shoutil be spacefl more doscly near the ends 
of tlic iKmm than near the middle. In the center of tbe span thoe 
should be left a space of 4 or .'i feet witliout any ke}'s. 

Balconies and Qallerles. In churches and lecture halls it b 
olniost always customarj' to have one or more balcnnies or gaUeries, 
extending sometimes around tluir sides of ttie main auditoriaiiw 
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conmionly used, especially in warehouses, stables, and other build- 
ings where the appearance is not an important consideration. 

.In Kg. 224 is shown a beam which is trussed by the first method 
'witt compression pieces A above the beam. All the parts are of 





Fig. 224. Tnusing a Girder by Use of Compression Members 

wood excepting the rods B, which may be of wrought iron or steel. 
The beam itself is best made in two parts E E placed side by side, 
«s shown in the section at ^4. This section is taken on the line C D. 
The depth of the girder may be varied to suit the conditions of each 

BS 
^c ^"*'*'**'**..*^' a\W ^^^..^^ — " — ^ 

S£CT/QN £'F '/• 

FSg. 225. TniBsiiig Girder by Use of Tenmon Member — King-Post Trussed Beam 

case. In general the deeper it is made the stronger it becomes, pro- 
vided that the joists are made sufficiently strong. Usually girders 
of this kind are made shallow enough so that the compression mem- 
ber will be contained in the thickness of the floor and will not pro- 






stctioN &r 

Fig. 226. Trussed Girder with Two Struts — Queen-Post Trussed Beam 

ject above it. A slight projection below the ceiling is not a serious 
disadvantage. The floor joists F may be supported on the pieces E, 
as shown at A, 

In Figs. 225 and 226 are shown examples of girders which are 
trussed by the second method with tension rods B below beam. 
These rods are of wrought iron or steel, and the struts A are of cast 
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i^tram short, or if tk 
theprAen uenidt 
il bloeb pbced 
Dtmia^AtmafMt Thepnier 
UiifpaM tneaed beaai. wtole the 
meikmrnam Hg. 231k. nik x«» Jtnls astaad of one. is known u 
a ^mtm-pmt uami hoaa. TV bcaa iodr. C, auy be rnkde in 
twp «r Ifcwr piwes aifc W aAi wilh Arwfcaad tlirstnita fitting h 
bttwKB tka. or k HBT W a »^ fiect^ ml tbe rods may be nude 
^I-TT PWMg """■'■■* I'ii iJifci ^laM TW Struts bear acntost 
ite \ mim rf ihe he—, fcq^ faiiini I ta it by bofa or spikta, m 
rtr-i ill rti ihainiiiiwi. h ihii itij «a not ^ sdewtae. 

h floaelBa kippcas Aat a Wn? 0initr ii required m a atoa* 
tioo vine tiMHiig caa aoC br reaoned ta^ and lAere sted beam 
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cao noC be reulUy obtained. Is tfai* cue t;. . ^ is to 

bofld op a oorapoond beam irocn t«o or BMre sin^io pnxt-s. A girder 
of tibu kind caa be coBstmctcd witboot midi (lifficvtt.v, u>d can be 
w put togetber u to be able to carry baa e^ty to oinrty per cent 
of the kiad wbich a solid [Mcce al the taiiie dimenaoiu will bear. 
There are many ««ys of coinbining the stn^ timbert to form 
oooipouad beams, mow of the most <MMnnK»n of which will be 
described. 

The most simple combinntioa is that abown b Fig- 227. Dm 
two siogle timben ue bolted together aide by nde, with sonetiBMa 
a timall ftpuc between them. The bolts should be spaced ahont f 
feet apsrt siid .ttaggvred as shown. 90 that two wiQ not nxnc lide 
by wle. L'suaUy bolts thie^uartm of aa inch in diaoMter ■• 
used. 

In Fig. 228 is shown a modification of thb girder koowo •■ a 
"flitcb-platc" girder. It has a plate of wrought iroa or sted. insertad 
between the two limbt'ra. and the kWoW- is held firmly together by 
bolta. TbcNieof the plate should be in proportion to the siM of tbt 
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Fig. 229. Action of Compound Girder 
Under Tension 



timbers, so as to make the most economical combination. In general 
the thickness of the iron plate should be about one-twelfth of the 
combined thickness of the tim- 
bers. 

If we have two pieces of 
timber out of which we ^dsh to 
make a compound girder, it is 
always possible to get a stronger 
combination by placing them one on top of the other, than by placing 
them side by side. This is because the strength of a beam varies as 
the square of its depth, but only directly as its width. For this reason 
most compound girders are composed of single pieces placed one 
above the other. The tendency is for each piece to bend independ- 
ently, and for the two parts to slide by each other, as shown in Fig. 
229. This tendency must be overcome and the parts so fastened 
together that they will act like a single piece. There are several 
methods in conmion use by which this object is accomplished. 

Fig. 230 shows the most common method of building up a com- 
pound prder. The timbers are placed together, as shown, and 
narrow strips of wood are nailed firmly to both parts. The strips 
are placed close against each other and have a slope of about forty- 
five degrees, sloping in opposite directions, however, on opposite 
sides of the girder. It has been claimed that a built-up girder of 
this kind has strength ninety-five per cent as great as the strength 
of a solid piece of the same size but it is very doubtful whether this 
b true in most cases. Actual tests seem to indicate that such girders 
have an eflSciency of only about seventy-five per cent. They usually 
fail by the splitting of the side strips, or the pulling out and bending 
of the nails, but seldom by the breaking of the main pieces. It is, 
therefore, essential that the 
strips should be very securely 
nailed to each of the parts 
which make up the girder, 
and that they should also be 
carefully selected so that only 
those pieces which are free from all defects may be used. These 
girders are liable to considerable deflection, and should not be used in 
situations where such deflection would be harmful. 





Fig. 230. Method of Building up Com- 
pound Girder 
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Tbie '1SM23PS I i8ii:uu£ ?«» bac at i uL ike pieces .4. and shooU be 
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ri^crjsce^i ig, T!ti!r? ^roiii be a vaskr / cooafdn^ of a aquive 
rui^ :c rrc r«r¥*«!i -^c* :it: / aai tke vood cf die pieces .4, so 

•±•7 X ;• •: T-Z Z' r. "-•: .r-.-^e: i::i£ s: '^z tbe nut will not sink into 

Tir ."'irr V It c :.*.t tj..*.* *; i*f^c: fr-c: lise Ax*r t»f the main 
:.i.- r:-i; '-»• :>•>-: .:. ir c.r r* i 'irxzy i wi\>. The joists may 
r- f -.—*-: 1- : it-'-: i-i :.i-:crv: c. :r.* urjder side ao that a plas- 
•r.-*-: • -r'i * -. •- ' -^-*::.:r': .^ :h^ uTAitr side of the jt>ists may 
}j^ rv ••:.•*-: . •;. .- i-.-.r.j. V-; :r.:cii or b^jded. or the joi^t^ may be 
rr-or*: '-^.■^f -.. :. -^r. jr.*: '.riz r\r»:?e»i :•; \Tew from below, 

TIMBER TRtSSE5 

Ifi th<r 'ii-'^'i-iir. Mf n- f- ar.«l n>«»f framing which has already 
y^hfu ;riv#ri h'-n-. fii.lv tho^^ n-»f- h;i\e Urn amsidered which wrrr 
of Vi -hort a -rj;iri that thtv .i.iiM ta^ilv he an*ereil with a frame- 

• • • 

work of onliriary mftt-r-. -jtattil fn»m 1 to 2 feet apart, between 
'^t'fit^T-!. liijt it i- vf-ry iiftrii iifiv^>iir> in huiKl r^Mif s of larger span, 
for whuh onlinary raftt-r^. tvfii if >iip(Mirtt*tl by dwarf walls and 
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collar lieams, are not sufficiently strong. In this case a different 
method of framing must be employed. 

Instead of a number of rafters spaced fairly close together, and 
all of equal strength, we will have a few heavy "trusses," placed at 
intervals of 10 or more feet, and spanning the entire dfstance between 
the two sde walls. On top of the trusses are laid "purlins," running 
parallel to the walls, which in their turn support the common rafters, 
runmng perpendicular to 'the side walb, as in the case of simple 
rafters in an ordinary roof: There may be one or more purlins in 
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each slope of the roof, depending upon the size of the span, since the 
purlins must be spaced near enough together so that a small rafter 
can span the distance between them. Usually there will be a pur- 
lin at each joint of the truss and the joints will be determined by the 
safe span for the rafters. 

Tlu9 arrangement is shown in plan in Fig. 236, in which A are 
trusses, B are the purlins, C are the common rafters, and Z) is the 
ridge. 

There are many different kinds of trusses in common use for 
various kinds of buildii^, which differ from each other chiefly in 
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the aiTBiigement of the tension and compression pieces of wfaidi 
every truss is built up. Some trusses arc built eiitirrly of limber, 
while in others timber is employed only for the compression pkoes, 
and wrought iron and steel for the tension pieees, 

King-Post Truss. Fig. 237 shows what is known iis h kin^poH 
truss. Its distinguishing feature is the member .1 called a tinf* 
post, B are the purlins, and E are the rafters resting on them. .\s 
will be seen by a study of the figure, the members of tJie truss ire 
so arranged as to divide it up into a series of triangles, or rather into 
a series of triangular open spaces, bounded by the various niembtn 
of the framework. This is an essential characteri.>4tic of a good and 
eflBcient truss. Such a framework may fail by overioading in such 
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a wa\' as to be crushed or broken, but it can not be i)istorte<), that 
is. none of the triangular spaces can cliange their shape without 
some membc of the truss Ix-irig either lengthened or shortened. 
which means that some member of the framework must fail by citlier 
tension or compres^on befon- the truss can be distorted, or cu fail 
to carrj' its load by reason of the failure of the jtHots. Thb prio- 
ciple does not hold true for it fnimework c-umpo»ed of space* in Uw 
form of rectangles, of which the members »>f the fraraeworii form 
t!ie sides. l»ec«use it is [possible for a n-ctangtiliir f rnmework to limime 
distorted without any side being either lungthentil or slKirtencd, by 
the simple failure of si>me of the joints and the inoveineiU iif tbe 
members around the joinLi. For this reason the first thing to odd- 
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nder in deigning a truss is the arrangement of the members and 
the position of the joints so all of the open spaces will be in the form 
of triangles. 

In Fig. 237 are shown two different methods of placing the pur- 
lins. As will be readily seen, some of them are set so that their 




longer dimension in cross section is vertical, while others are set 
so that their longer dimension is at right angles to the rafters. Both 
of these methods are commonly employed. The tension members 
C are merely for the support of the lower chord or tie-beam D. 
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Fig. 238 phows a truss of the same general form as the one shown 
in Fig. 237, but of larger span. This truss is of such a span and has 
its joints and [nirlins arranged in such a way that it is similar to the 
trusses shown^in plan in Fig. 236 and there marked A. In this truss 
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also the vertical members are not iron rods, as in Rg. 237, but m 
composed of timber. The stresses in these members air. however, 
still tension stresses just the same aa in Fig. 2-37, and for this reaaoa 
it is a eummon practice to fasten them to the chords of the truss by 
means of iron straps, as shown at the points marked A in Fig. 23S. 
In other respects this truss is constructed in a manner similar to that 
in which the truss shown in Fig. 237 is built. 

Fig. 239 shows a truss with the diagonal members rurniing in 
a direction opposite to that in which run the diagonal memben in 
the two trusses previously shown. This figure also illu;3U'atcs the 
practice of placing an iron casting at each joint of the tnus to 
receive the members which come together at that joint. Tlus 
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arrangement is, however, an expensive one on Account of the cast- 
ings, and it is doubtful if the advantage gained by the use of tbem 
is sufficient to warrant the atlditional cost. Usually the c«5tinp 
can not be kept in sto<^'k and must be made to order for each tnits. 
Queen-Post Truss. Fig. 240 shows a modification of the idag- 
post truss, which is cnili-d the qucen-[)Ost truss. Mere Uiere ue two 
quecii-pipnU instcjid of the single king-post. The queen-post tras 
is somewhat more jmpular in building work than is the Idog-post 
truss, hut both ure frequently emplo>'cd in balls, warebouses, and 
stables, where an ornamental tniss iis not required, and aba in 
churches and nudienct- rooms, where ihey are to be eonccalcd by 
other finish. Fig. 24(] abo shows huw a floor or ceiling may be 
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supported on the lower chord or tie-beam of the truss. The joists C 
are hung from the chord by means of stirrup irons or patent hangers. 
This arrangement makes the tie-beam act as a beam as well as a 
tie and in this case it must be made sufficiently strong to carry the 
load from the joists without sagging. 

The queen-post truss, as will be seen, is not entirely composed 
of triangles, the center panel being in the form of a rectangle. In 
most cases this is not a serious disadvantage, since, when the truss 
is uniformly loaded, as it would be if it were an ordinary roof truss, 
there is no tendency to distort the center panel. It is almost always 



Fig. 241. Section Showing Design of a Fink Truss 

better, however, to introduce an additional diagonal member into 
this panel so as to divide it into two triangles. This obviates any 
danger of distortion of this panel. 

Fink Truss. In Fig. 241 is shown a Fink truss, which is a 
very popular form, especially for trusses built of steel. It has 
neither king-post nor queen-posts, and the tie-beam A is of iron or 
steel instead of timber. This is a simple and cheap form of truss 
for any situation where there is no floor or ceiling to be carried by 
the lower chord. The struts B may be of wood or of cast iron. It 
will be seen that the truss consists essentially of two trussed rafters 
set up agdnst each other, with a tie-rod A to take up the horizontal 
thrust. 

Open Timber Trusses. Besides the forms of trusses described 
above, there are other forms which are used in churches and chapels, 
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M well as ia halls where opoi timber wtak is lequired, and where 
the trusses will not be concealed by other finish, but will be nude 
omamoital in thenisdves. 
Among these the most cotn- 
mon forms are the so-called 
scissors truss and the ham- 
mer beam truss. 

ScitaoTs Ttvu. The 
scisaors truss b shown in 
F^. 242. It has no tie- 
beam and, therefore, it will 
exert condderable thrust on 
the walls (d the building, 
which thrust must be takm 
care oi by buttresses built 
on the outside of the walls. This is periiaps the most mmple form 
(rf truss which can be used when an open timber truss is required. 
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All the parts are of wood. If desired, an iron tie rod may be 
inserted between the two wall bearings <4 the truss, so as to dimi- 
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nate the thrust on the walls, and this rod need not detract seriously 
from the appearance of the open timber work. 

Hammer Beam Tnue. A very popular fonn of truss for use 
in churches is the hammer beam truss mentioned above. This is 
shown in Fig. 243, On the left is shown the framework for the truss, 
while on the right is shown the way in which it may be finished. 
Its characteristic feature is the hammer beam A. The sizes of the 
pieces can only be determined by calculation or experience, and 
depend entirely upon the span of the truss and the loads to be 
carried, which are different for different locations. It is common 
practice to insert a tie rod between the points B and C to take 
up the thrust which would otherwise come on the walls. AH 
parts of the framework must be securely bolted or spiked together 
so as to ^ve a strong, rigid foundation for the decoration, which 
should be regarded merely as decoration and should not be con- 
^dered as strengthening the truss in any way. 

Truss Details. There are several methods of supporting the 
purlins on wood trusses, but the method illustrated in Fig. 244 b 
one of flie best as well as the most 
frequently employed A block of wood 
^ IS set up against the lower side of 
the purhn, and prevents it from turn- 
ing about the comer B nhich it has a 
tendency to do The block is set into 
the chord of the truss to a depth sufR 
aent to keep the purlin from shding 
downward as it receives the weight 
from the rafters E This figure also 
shows the most simple method of fram 
ing a strut into the chord of a truss. '"fhi^urii""S'w-^^T^'^ 
The strut C is set into the chord D far 

enough to hold the strut in place. If it is perpendicular to the 
diord, it need not be so set into it, if the pieces are well nailed 
together, because in this case there is no tendency for the strut to 
^e along the chord. Care should be taken not to weaken the 
diord too much in cutting these mortises. 

In Fig. 245 are shown the most common methods of forming 
the joint between the top diord and the tie-beam of a truss. The 
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connection shown at A depends upon the bolts for its strengtb, 
while that shown at B depends upon the wrought-ifoo straps E. 
which are bent so as to engage notches cut in the tie-beam F. The 
piece C is very often added beneath the tie-beam, at the bearici;. 
to strengthen it at this point, where the beam is subjitt to consider- 
able bending stress. The block 1) is merely for tilling and to pro- 
tect the bolts where they pass Ijetween the chord and the Iie-bruiL 
It may be onutted in many cases. The plate G is placed betweea 
the nuts or. bolt heads and the woo<i tu prevent the crushing ol tfar 
latter. Washers should be used with all bolts for this purpose. 

Fig. 246 shows how the joint at the centiT of the tie4mim ol r 
king-post truss, or any joint between two struts, may be fonned. 
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The tie-beam is shown at A, and B arc the struts, llic bk>c)cs C. 
set between the struts, receive the thrust from tJiem. Thej- should 
be notched into the ticvlicam .1 deep enough to take care of »oy 
inequality between the ihrustd. from the two struts, wbidi hmxt a 
tendency to balance each other. The block is oftrn made of cast 
iron. It may be omitted ultogclher, in which case the struts wiD 
come close together ajid liear against each other. The rod D b 
the king-post whicli supports the tic4K>am A at thbt ptiint. It is 
often made of wood and sometimes the struts B are framed into it 
instead of lieiog framed into the tiobeam A. 
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Fig. 247 shows a form of connection for the peak of a truss, 
where the two top chords or principal rafters come together. The 
plate A acts as a tie to keep these members in place, as does the bent 
plate B, also. The plate B, moreover, prevents the crushing of the 
timber by the nut of the king-post tie rod. The purlin C supports 
the rafters and is hollowed out at the bottom to admit the nut D. 
The two principal rafters bear against each other and must be cut 
so that the bearing area between them will be suflBcient to prevent 
the crushmg of the timber. In light trusses the king-post E is often 
made of wood and is carried up between the principal rafters so 
that these members bear against it on each side. If this construction 
is adopted it must be remembered that the post is a tension member, 
and is held up by the principal rafters, and these pieces must be 
mortised into it in such a way as to accomplish this result. 




^ig. 246. Method of Fonninc Joint at Center 
of Tie-Beam in King-Foot Tnus 



Fig. 247. Construction of the Peak 
Connection of a Truss 



There are a great many different ways of arranging the details 
for wood trusses, each case usually requiring details peculiar to 
itself and unlike those for any other case. There are, therefore, no 
hard and fast rules which can be laid down to govern the design of 
these connections. A perfect understanding of the action of each 
piece and its relation to all of the other pieces is necessary in order 
to insure an economical and appropriate design. The aim should 
always be to arrange the details so that there will be as little cutting 
of the pieces as possible, and so that the stresses may pass from one 
piece to another without overstraining any part of the truss. 

TOWERS AND STEEPLES 

Towers are a very conmion feature in building construction, 
ranging in size from the small cupola used on barns to the high 
tapering spire which is the distinguishing mark of churches. 
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They have roofs of various shapes, some in the form of pynunids, 
with four, eight, or twelve sides, some of conical form, and others 
bell-shaped or having a slightly concave surface. 

The constructitin of all these forms of towers is much the suae, 
consisting of an arrangement of posts and braces, which becoom 
more elaborate as the tower or steeple becomes larger. The bnunnfc 
is the moat important consideration, liecause the towers will br 
exposed tii the full force <if ihc 
wind and must be designed to 
resist great slniin. 

Cupola. Fig. 24^ shows a 
section through the frame of a 
simple ctipola. It has pcKits.-l 
at each comer, which rest at 
tlic bottom on the sills H. 
The sills are supported on 
extra heavy collar limua ('. 
which are ver>' securely spiked 
to the raftent of the main 
roof A/. The comer post* es- 
trnd clear up to the main plate 
D, which sup|H>rt-> the rsften 
E of the cupola. Tlwre ur 
hip rafters at the comer of 
the n)of, which bear at the Uip 
Rgnin-st a jiieee F placed in the 
^^ t-entcr of the riHjf. This sranl- 
F... MS. t*.iiu„ Ti,,.^.,,^. i,..,„u, .^„„,.i» jj„g psipn,!^, altovc the mJ 

surface far enough to recri« 
some kind of metal finial which forms the fini-nh at the extrcmr 
top of the cupola; and at the bottom it is firml\ faslmrd to 
tlie tic G, which is cut in twtween the r*'*'*"^- The brans // 
stiffen the frames against the wind. Girts / atv cut in lietwren the 
comer posts and form the top and bottom of the slat frame npenio|t 
H, besides tying the posts together. The sides of the opening foe 
the slat frame are formed by the \ertical studs K. The niten of 
the main roof .1/ are placed close up against the comer posia on the 
outside, and the jwsts may be spiked to them. The pieces an of 
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plank 2 inches thick, and are simply furring pieces placed at intervab 
of 1) to 2 feet all around the cupola to give thedesired shape to the 
bottom part. The size of the pieces will depend on the size of the 
cupola. The posts may be 4X4 inches or 6XC inches, and the 
bracea, girts, and intennediate studding may be 3X4 inches or 4X0 



Miscellaneous Towers. Other towers are framed in a manner 
amilar to that described for a cupola. There is always a base or 
drum, with posts at the comers and with the walls filled in with 
studding, which supports a plate at the top. The rafters forming 
the tower roof rest at the foot on this plate, and at the top they bear 
against a piece of scantling 
which is carried down into 
ihe body of the tower for a 
considerable dbtance and is 
there fastened to a tie passing 
between rafters on opposite 
ades. Tids is shown in Fig, 
249. The tie .4 is securely 
muled to the rafters at each 
end, and to a post in the mid- 
dle. The post is cut so as to ' 
have as many faces as the 
roof has sides, four for 
square hip roof, eight for an 
octagon roof, and so on. Each face receives one of the hip rafters and 
lie intermediate rafters are framed in between them. If the roof is 
conical or bell shape, as shown in the figure, the post at the top may 
be cylindrical in form. Although the roof shown is bell shaped the 
rafters are not cut to fit the curve. They are made straight and are 
filled out by furring pieces B. Pieces of plank C are cut in between 
the furring pieces, as shown, so as to give a nailing for the boarding, 
and they are cut to- the shape of segments of circles, so as to form 
cranplete circles around the tower when they have been put in place. 
If a tower of this shape is to be built, having a number of faces and 
hips, the curve of the hip rafters will not be the same as the curve 
^own by a section through one of the faces of the tower. In order 
to find the true curve for the hip rafter, the same method is followed 




Fis. 249. 



Showina Framr 
Small Tower 
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DiBber of poarts M tte tanc rf tte Hf nnv ■pQT ■» aotHBtd 
nd tke can iv Ik Kp ^ be *HB tkn^ tks. Thai 
iMtaB fe Ike I9 nlhrHT 




Ckarck Spfes. tig. SO 
Ami Ife lidlinl << faaiit 

S CB^KB ^H^ Of OOICT Dpi 

ttfitBg toacr. ^^w Mae n 
tte A^ if ■ HiDBreaDdis 
Mfiportfa Df tna peats ^1 
ow at cadt eoana. irind 
icat OB die aOs £. The db 
are a^ipoeten iqr tte nof 
tnaxacf thrnauniocf. Ilie 
coner poats eztcDd Ae full 
hdi^t of die dram and ate 
a toai^ fanoed in iD four 
faces, vidi intermediate veT> 
tical studding C between 
tbem to fonn the framewoA 
for these faces. T^e spm 
itsdf may test im ti^ of this 
square drum or there may be 
anotho- d^t- or twdve-sidei) 
drum constructed on the top 
at the first drum, on yitiA 
the spire m&y rest. Iliis depends upon the design of the sfin. 
The hip rafters D do not rest directly on top of the drum, iwv* 
ever, as this arrangement would not ^ve sufficient anchwage fv 
the spire. They are made so as to pass dose insde the [date £ 
at the top of the drum and are securely bolted to this plate iridi 
strong b<Jt3. This is shown at L, which is a plan ol tbeti^t' 
the drum, showing the hip rafters in place, lite plate is shiivD 
at E, and the hip rafters at D. The rafters extend down into the 
body of the drum as far as the girts H (shown in the devatioD) to 
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vhich they are again securely spiked or bolted, being cut out at the 
foot so as to fit against the girt. In this way a strong anchorage for 
the spire b obtained. 

Horizontal pieces / are cut in between the hip rafters at inter- 
vals throughout the height of the spire, braces K, halved together 
St the center where they cross each other, are firmly nailed to the 
rafters at each end. These braces are needed only in lofty spires, 
which are likely to be exposed to high winds. At the top the hip rafters 
bear agunst a post M, the same as in the other towers. If a conical 
^re is called for in the de^gn, the horizontal pieces I must be cut 




Fig. 251. Sectioi 



to the shape of segments of circles, and in this case the rafters are 
DO longer hip rafters. The horizontal pieces / will receive the 
boarding, which will form a smooth conical surface. 

TTie spire above the drum is usually framed on the ground 
before bdng raised to its final position. It then may be raised part 
way and supported by temporary staging while the top is finished 
and punted, ^ter which it may be placed in position on the top of 
the drum. 

Domes. Timber domes have been built over many famous 
buildings, among which may be mentioned St. Paul's Cathedral at 
London, and theHotelDesInvalides at Paris. While these structures 



arc (loinicBl in shape they are not. striftly spcakinR. domes. broiuK 
they do not depetid for support upon the same principle which i» 
implied in the constmetion of a dome, llicy arc, eorrectly spvalc i 
iniT, arrangements of trusses of such a shape as to pvf the rvqiund i 
domical form to the exterior of the roof. 

F^. 25] shows suoli a truss supported at either rn<l on a msMHuy 
wall. Fig. 252, which is a plan of the framing of thi» rouf, shows 




how the seetions or l)ents may W arranp-*!. There are two complete 
Ix-nts, ,1 // and C I), like the one showTi in the elevation. Fig, 251. 
which intersect each otlicr at the center, A king-post A in tbe 
e1e\ ntion is common to both heuts au<l the tie^4>eaDis B aiv hal\-c<d 
together where thej' cross. These two bents divide the roof surftwe 
into four (jnartcrs, which are filled in by shorter ribs, as indicated 
in the plan. Fig. 2."i2. The posts C, in Fig. 251, cam- all the im)(fat 
of the niof to the walls and are braced by means of the pieces D. 



CARPENTRY 



181 



The rounded shape is given to the exterior and interior of the bent 
by pieces of plank bent into position as shown. The whole is covered 
with boarding which is cut to a special shape so that it can be bent 
into place. The methods of applying the boarding to domical roofs 
will be explained in connection with other rough boarding. 

The arrangement of trusses described above is suitable for a 
plain domical roof without a lantern or cupola on top, but very 




Fig. 253. Framing Plan for Dome Having Cupola 

frequently this feature is present in the design, and the roof must 
be framed to allow for it. There are several different ways of arrang- 
ing the trusses so as to leave an opening in the center of the roof 
for the lantern. Fig. 253 shows a very good arrangement. Four 
trusses A span the entire distance between the walls, and are placed 
as shown in the figure, so as to leave the opening B in the center. 
Four half trusses C are inserted between them, as shown, and eight 
shorter ribs D are employed to fill in the rest of the space. 
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Fig. 254 shows aoother amngetneDt, proi-idini; (or a lantern tt 
the center. There are a number of ribs A, i»-elve in iitimbn-, tn Uw 
figttre, all radiating from the center vhen- then- i^ a circular opening 
for the lantern or cupola. In Fig. 255 is shuvm a section througji ■ 
domical roof framed in this way, showing an elevation of one of the 
ribs. The rib b so constructed as to be entirely contained in the 
Rstricted space between the lines of the exterior atwl iDlcfior ol 
the roof- 




Pendentirea. In the preceding paragraphs we ha\'e cotuidered 
the subject of domical roofs covering buildings of circular fdan, which 
is the simplest possible case, but unfortunately not the most usotl 
one. It very often happens that a domical nxrf must be erected 
over a buililing which is square or rectangular in plan, in which case 
a new and difficult problem must be considered, namdy, that at the 
pendeatives. A horizontal section taken through a dome must in 
eveo' case show a circle or {X)ssibly an ellipse. If, then, we coo- 
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sider the horizontal section cut from a domical roof by the plane of 
the top of the wall, it must usually be a circle and can not exactly 
coincide with the section cut from the wall of the building by the 




Flf. 255. Section through Domical Roof Showing One of the Ribs 



same plane, unless the building is circular in plan. This is shown 
in Fig. 256 in which A B C D represents the section cut from the 
wall of the building by a horizontal plane, and the circle E F G H 
represents the section which would be cut from a domical roof cover- 
ing the building if the framing 
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for the dome were carried down 
to meet this plane all the way 
around. 

In order to cover every part 
of the building, the dome must 
be large enough to include the 
comers, and if made suflSciently 
large for this it must overhang 
the side walls of the building, by 
an amount A E B on each side, 
if the framing is carried down 
to the same horizontal plane all 
the way around. Horizontal sec- 
tions taken through the dome at intervals throughout its height, 
however, show smaller and smaller circles as they are taken nearer and 








Fig. 256. Diagram Showing Relation of 
Dome Roof of Square I3uilding 
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nearer to the top of the dome. Some one of these sections will cut 
out from the dome a circle which will appear in plan as though it 
were inscribed in the square formed by the walls of the buii<ling. 
Such a circle is shown at IJ KL 
in Fig. 25C. A dome built up with 
this circle as a base woulil mit 
cover the corners of tliv buibl- 
ing, so that tlie trianf^lar spaces 
like .4 / L would be kept open. 
I These triangular spaces, or rather 
*- the coverings ox'er ihcm, ur 
, „ . . called the pendeiitives. Rg. 
257 shon-s in perspective toe 
outline of four i>endcnti\'e3 E D //, // C 0, etc- 

We have seen that a dome built up on the cireumscribcd drcle 
as a base is too large, while a dome built up on the ir-scribed cirde 
is too small and will not completely cover the building. To o\-er- 
come this diffiailty it is customary to erect a dome on tbe &iDallcr 
or inscribed circle, as a base, and to extend the rilis so as to fill up 
the corners luid fonu ,i tr;iirirH,,ik fur the pcndenti\-es. This b 
-!ii)wn in Fig. 2.'>S which » ■ 
|iliin of the framewx>rk for a 
domical roof. The rihs will be 
of different leiigtlis and will in- 
tersect the inside face ol the 
uall at diiTcn.-tit betKhts, be- 
4'iiii.te as they aie exIcDded 
outward they must also be ex- 
tended downward. Each «oe 
will be cur\-ed if tbe doOK if 
splierinil. and stntigbt if the 
dnme Is conical. The u[>per 
ends of the ri))s b<-ar a^talnst the 
''*'"'" ' cuHi A, leaving a orrularopen* 

ing for a lantern or cupola. 
I'hc lower ends may lx> supported on a inosimrj' wall, or ma)- test 
on curved wood plates, as shonn] in Fig. 259. litis b ao etet-atioa 
of a conical dome, and sIioa-s the straight riba A. 
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Fig. 260 shows an elevation of a spherical dome which has 
curved ribs A, as shown. Each of these ribs must be bent or shaped 
to the segment of a cirele, in order that the edges may lie in a spherical 
suriace. 

If the design calls for a domical ceiling and the exterior may be 
(rf some other form, then only 
the inwde edges of the ribs 
need be dressed to corre- 
spond with a spherical or 
conical surface, in order that 
they may receive the lathing 
or furring, and the outside 
may be left rough so that a 
false roof of any desired [ 
shape may be built. If the 
exterior must be of domical ' 
form, while on the interior 
there is a suspended or false 

ceiling of some kind, then only the outside edges of the ribs must 
lie in the conical or spherical surface, so as to receive the roof board- 
ing, while the inside edges may be left rough or shaped to any 
other form. If both the exterior and interior must be domical, then 
both the inside and outside 
edges of the ribs must be 
dressed so as to lie in the 
domical surface. 

Conical domes are very 
uncommon, but they are 
sometimes used. A conical 
dome is much easier to 
frame than a spherical 
dome because the ribs are 

..._ ■ Li TIL 1. » iL Fig- MO. Diagram Showing Construction for 

Straight. The shape of the ' sphencai Dome 

curved plate which sup- 
ports the lower ends of the ribs may be easily determined, since 
H must conform to the line of intersection between the conical or 
^erical surface of the dome, and the plane of the face of 
the wall. 
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Niches. Niches are of common occurrence in building woric, 
especially in churches, halls, and other important structures. Some- 
times they are simply recesses in the wall with straight comers and 
a square head, hut more often they are semicireular in form, with 
spherical heads, in wliich aue 
the framing becomes a ntatter 
of some difHfulty, The fnun- 
ing of the wall for a semicircular 
niche is the easiest part of the 
work, since all the pieces may 
be straight, but fur the framing 
of the head the ribs must be 
bent or shaped to conform to the surface of a sphere. 

Hg. 261 shows in plan the way in which the vertical Httidding 
of the walls must be placed. The inside eilgvs must lie iu a cylinilri- 
eal surface, and will receive the lathing ami pla.itering. There must 
be a curved sole piece tor them to rest upon at the bottom and a cap 
at the top. The cap is shown at A li, in Fig. 262, which is an ele%'»- 
tion of the cradling or framing for the niche. Tlib 6gtire shows 
how the ribs for the head of the niche must be bent. Tlic ribs and 
vertical studs must l>e spaced 
not more than 12 inches apart, 
center to center, 

Tlie form of niches described 
above is the most common one 
for lai^ niches intended to 
hold full size casts or other 
pieces of stjituar\', hut smallef 
ones for holding bustt and vnan 
are quite common. "nH^c ut 
often made in the fonn of a 
jj.^^ quarter sphere or some smaOrr 
segment of a sphere, with a Bat 
base or floor and a spherical head, as is shown in si-ction in Rg. 
263. Tliey are framed with cur\cil ribs in the same way as deMrilml 
above, and fniishe<l with lathing and plastering. 

Vaults and Qroins. Altiiough vaulted roofs are an outgnnrtk 
of masono" construction, ami are almost always built of briA ar 
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Fig. 263. Section of 
Small Niche 



stone, they are occasionally built of timber, and in any case a timber 
centering must be built for them. A vault may be described as the 
surface generated by a curved line, as the line moves through space, 
and in accordance with this definition there are vaults of all kinds, 
semicircular or barrel vaults, elliptical vaults, 
conical vaults, and many others. 

In Fig. 264 is shown in outline a simple 
semicircular or barrel vault, known as well by 
the name cylindrical vault The point A where 
the straight vertical wall ends and the curved 
surface begins is called the springing point. The 
point B is the crown of the vault. The distance 
between the springing points on opposite sides 
of the vault is the span^ and the vertical dis- 
tance between the springing point and the crown 
B is the rise. 

It may easily be seen how a barrel vault, or 
a vault of any kind, may be framed with curved 
ribs spaced from 1 foot to 18 inches apart on 
centers, and following the outline of a section of the vault. If the 
framework is intended to be permanent and to form the body of the 
vault itself, then the inner edges of the ribs must lie in the surface 
of the vault and must be covered with 
lathing and plastering. If only a center- 
ing is being built, on which it is intended 
that a masonry vault shall be supported 
temporarily, then the outer edges of the 
ribs must conform to the vaulted sur- 
face and must be covered with rough 
boarding to receive the masonry. 

When two vaults intersect each 
other, as in the case of a main vault, 
and the vault over a transept, the ceil- 
ing at the place where vaults come together is said to be groined. 
The two vaults may be of the same height or of different 
heights. If they are of different heights the intersection is 
known as a Welsh groin. Welsh groins are of common occurrence 
in masonry construction, but in carpentry work the vaults are 




Fig. 264. Diagram of Cylin- 
drical Vault 
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•fanost al««ys made equal in hoght and often th^ are of cqnal 
spanas vriL 

Hw fiainewor k lor cacli vantt it tampoBeA at ribs spmetd eom- 
parativdy don togetha-, and lestu^ on the ade walb at tbe^nng- 
mg line. When, however, ibe two vaults intosect each other, the 
nde walla must stop at the points nben tfacy meet, and a aquan or 
rectangular area ia Itft iriiidi has no vertkal walb aiDund it Hk 
covering f n* this area must be supported at the four comer points 
in wMdi the nde walls intenecL This is shown in plan in Fig. 265 
where il C Z> are the pants of intenecticMi of the walls of the vaults. 
"Hie method of Govoiiifr the area amunni to both vaults is also shown 




|. 2t>3. Opr MelW of CrutLng for Fi( 266 



in the figure. Diagonal ribs A D and C B are put in place so as to 
span the distance from comer to comer and these fonn the basis 
for the rest of the framing. They must be bent to such a shape 
that they will coincide exactly with the line of intersection of the 
two vaulted surfaces. The ribs which form the framing for the 
groired ceiling over the area are supported on the diagonal ribs as 
shown in the figure. They are arranged sjTnmetrically with respect 
to the center, and are bent or shaped to the form of segments of 
dreles or ellipses. 

Fig. 265 shows one method of fomiing the cradUng for a groined 
ceiling, but there ia another which is also in common use. This b 
shown in Fig. 266. There are four curved ribs AB, BD.CD.aad 
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C.4, which span the distances from corner to comer around the 
space to be covered. The diagonal ribs A D and C B are also employed 
as in the first method. Straight horizontal puriins are supported on 
these ribs, running parallel to the direction of the vaults, as shown 
in the figure. They are spaced about 16 inches apart and form the 
framework for the ceiling. 

The only difficult problem in connection with groined ceilings 
is to find the shape of the diagonal rib. This rib, as has been explained 
above, must coincide with the line of intersection of the vaults. The 
problem, then, is to find the true shape of the diagonal rib. 

Let us consider the two vaults shown in plan in Fig. 267. They 
are not of the same span, but they will be of the same height if we 
wish to have a common groin 
and not a Welsh groin; so if 
one b semicircular the other 
must be elliptical. Elevations 
of ribs in each vault are shown 
at A and B and the diagonal ribs 
are shown in plan at ^ C and 
B D. It is easy to find the 
plan of these ribs because they 
must pass from corner to comer 
diagonally. To find the eleva- 
tion we must use the same prin- 
ciple that was employed in finding the position of the valley rafter 
and the shape of the curved hip rafter for an ogee roof, namely, 
any line drawn in the roof or ceiling surface parallel to the plate 
or side walls must be horizontal, and all points in it must be at 
the same elevation. 

We start with the assumption that one of the vaults is semicir- 
cular, as shown in elevation at A, Fig. 267. Taking any line in the 
vaulted surface, shown in plan, as the line S P 0, we produce it until 
it intersects the plan of the diagonal rib ^4 C at the point 0, This 
point must be the plan of one point in the line of intersection of the 
vaulted surfaces. 

The elevation of the point above the springing line of the 
vaults is shown by the distance P S, since the line SPO is exactly 
horizontal throughout. This distance is laid off at EF with the 





Fig. 267. Diagram Showing Method of 

Finding Diagonal Hib for Two 

Interriccting Vaults 
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V { the horizontal plane wbkh omUuns thr 

aeh suits. The poiii'. H is the ptiitit from wfaldi 

diaguual rib starts. The point F, as wc ha\'e seen, bi another 
point in the curve, and we can by n similar pnxvM liKxle as auitiy 
points as we need. This will enable ii.<< to draw the eomplete curvr 
GFIl of the line in which the vaults intenect, and to wluch the 
diagonal rib must conform. 

By continuing the line from the point at riicht angles to ib 
former direction and purallel tu the wall line, we mn>' ntitain the 
point K, which is a plan of one piiint in the surface of tlte eUiplical 
vault. The elevation of this point also above the <tpriit|nne Uncs 
must be the same as for the point S lu be laid ofT, as shown at 

K M. By finding other [mints in a sit ay the curve S M R«/ 

the elliptical vault may be readily det led. 
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PART IV 



EXTERIOR AND INTERIOR FINISH 

In the preceding pages we have considered the most important 
of 'Ihe methods in use for the construction of the rough framework 
of buildings. We will now take up the general subject of finish, 
bodi out^e and inside. There are two things which the outside 
fimsh of a building is intended to do: first, to protect the \'ital part 
of the structure — the framework; and second, to decorate this frame- 
work and to make it as pleasing in appearance as may be possible. 
Both of these purposes must be borne in mind when designing or 
erecting any outside finish, as both are equally important and neither 
should be neglected. 

Material. The material used for the finish varies under different 
conditions and in different parts of the country. Of course, it must 
first of all be durable when exposed to the weather, and it must be 
a wood which can be easily worked. The lx»st kinds of wood for 
the purpose are white pine and cypress, and one of these woods 
is generally used. • Spruce and Georgia pine are sometimes used on 
cheap work, but they are much inferior to white pine. Poplar is 
very good but scarce. Pine should l)e employed wherever it is 
obtainable. 

OUTSIDE WALL FINISH 

Sheathing. The first operation in connection with the applica- 
tion of the finish is that of covering the framework with sheathing, 
whidi should be about 1 inch in thickness, and for the best work, 
dressed on one side. The sheathing should be placed diagonally 
across the studding when the frame is of the ''balloon** variety, 
but in case of a braced frame the boards need not be so placed. With 
the braced frame, the boarding may be started at any time, but 
with the balloon frame it is necessary to wait until all of the studding 

Copyright, 1912, by American School of Corresponthnrf. 
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has been placed in the outside walls. The sheathing should be laid 
close, but need not be matched, and the boards should be fairly 
wide, say 8 to 10 inches, or even more. The most common material 
for this work is yellow pine free from loose knots. Spruce or hemlock 
may be used with good results. 

The roof sheathing is nailed on at right angles to the rafters 
but the boards are narrower. The width is usually 4 inches but 6 
inches works well also. They are laid with spaces between them 
for the passage of air. These spaces are from 2 to 3 inches w4de and 
are left for the ventilation of the shingling or other roof covering, 
and for the cheapening of the rough boarding. 

Roof boarding is not laid diagonally, but if this were done a 
very much stronger building would be obtained than where the 
boarding is laid horizontally, because each board acts somewhat 
as a truss to bind the whole framework more securely together. 
Some curved work, such as round towers and bay windows, is boarded 
diagonally, when it is impossible to place the boards in any other way. 
Each piece should be well nailed to each stud or rafter with large 
nails, ten-penny or eight-penny, and no serious defects such as 
large knots should be allowed in the sheathing. 

Building Paper. Building or sheathing paper is now placed 
over the sheathing to keep out the weather and to cover more com- 
pletely the joints in the boarding. This paper must be tough and 
strong as well as waterproof, and must be easy to handle and put 
in place. It must not be easily broken as any hole in it is an opening 
through which the weather will surely find its way. There are a 
number of different kinds of building paper on the market, prepared 
with various chemicals to render them as nearly waterproof as 
possible. Tar is sometimes used for this purpose. The paper should 
always be laid with a good lap. 

Water Table. Starting at the bottom of a wood structure, 
at the point where the masonry foundation wall stops and the timber 
framework begins, the first part of the outside finish which meets 
the eye is the water table, so called because its purpose is to protect 
the foundation wall from the injury which would result if water 
were allowed to run down the side of the building directly onto the 
masonry. The water table, therefore, must be so constructed as 
to direct the water away from the top of the foundation wall. Tlii> 
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may be accomplished in several ways, some of which will be described 
and illustrated. 

Fig. 268 shows the simplest form which can be used for a building 
which is to be covered with clapboards (this covering will be discussed 
later). A is the foundation wall, which may be stone, brick, or 
concrete. B is the sill, which may be in one or two pieces and which 
has already been described at length. C is the boarding or sheathing, 
which in this case is flush with the outside of the foundation wall, 
the sill b«illg-set_baek about 1 inch from this face. The board D 
is nailed so as to cover the joint between the top of the foundation 
wall and the sheathing, and on the top of it is fastened the water 





table E, which is inclined downward and outward so as to shed the 
water. The piece F is inserted to set out the first and lowest piece 
of siding G. 

Fig. 269 shows another way of constructing a water table for 
al)uilding nith claiJboards. In tliis case the sill B is set back about 
4 inches from the face of the wall A, and a block is nailed to the 
bottom of the boarding, as at (?, so as to set the piece D out clear of 
the face of the wall. "Hiis piece is rabbeted at the top as shown, 
ao as to take in the bottom of the last clapboard. 

Another method is shown in Fig. 270. In this case the board 
D is again made use of to cover the joint between the sheathing 
and the foundation wall, and it is nailed directly to the boarding 
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as before, but the piece E is mudi Uiger and is Uodced out by Boeaiig 
(A the addition of the piece 0, so as to throw ibe water well away 
from the masomy. In maoy respects this detail b the beat of the 
three, as the joint is well covered and at the same time tbeie is pro- 
vided a very good wash for the rain water. There are Hiauy other 
ways of building this part of the finish, but only one more wiQ be 
shown for use when the walls are to be covered with shinies, fig. 
271 shows how this should be done. Two or even three blodEs, as 
at F, are muled to the boarding and the shingles are bent over them 
so as to shed the water free of the masonry without furthn hdp. 
They may be fimshed at tbe bottom with a molded piece D to hide 
the joint. - 

The water table is sometimes omitted oitirely and the tisp- 
boarding is started directly from the foundation wall, but this is 
not considered good practice uid will 
surely, be found to be unsatisfactory. 
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Clapboards for Wall Covering. The clapboards used for covn^ 
ing walh are uauall> of white pine or spruce, thoQgh they are some- 
times made from a cheaper timber such as hemlock or fir. They 
are about 5 or 6 mches nide and about 4 feet long and are thicket 
on one bide or edge than on the other. The thicker edge measure) 
about 5 inth while the thin edge is only about I inch thick. Eadi 
clapboard thertfore is as show n m Fig. 272, where A ism devatioo 
and B li, a section of the board. The tapering section is obtwned 
by sawing the boards from a log, cutting each time from tbe drcimi' 
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ference. inward. The boards are thus all quarter sawed and shrink 

evenly, if at all, when they are exposed. When laid up on the side 

of a building, the elapboards should lap over eaeh other at least 

IJ inches, as shown in Pig. 273. 

Here, A is the clapboarding, B 

is the sheathing, and C is the 

studding. As will be seen, the 

clapboards lap over each other, 

leaving a certain amount of each 

board exposed to the weather. 

Tlus term "to the weather" is made use of in many specifications to 

indicate the amount of board which is to be exposed. Thus, "4 inches 

to the weather" means that 4 inches will be exposed. Building paper 

should be placed between the clapboarding and the sheathing, as 

shown at D, to keep out the weather. 
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Siding. The only difference between common siding and clap- 
boards is in the length of the pieces, the siding coming in lengths of 
from 6 to 16 feet, while the clapboards are in short lengths as explained 
above. Common sidii^ is put on in the same wa^' as claplxiards, 
but there is manufactured a rabbeted siding which is laid up as shown 
in Fig. 274. Here the rabbet takes the place of the lap, and is made 
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about I inch deep. This si(img is alsii furtiishi-d niulil«-<l In a niimbrr 

nf other patterns besides the simple Wveled pattern, am) is of varicnu 

widths up to about 12 inches. Sometimes it is nailed directly to ihe 

studding, DO building pajieriir 



" ' " outside boarding being usetl, 

~ ~ .~~ but this construction, allhoiifch 

-■- ""^ '*" ' ■_ - ! it is cheap, is not suitable for 

? . ^ ., ^^"-T- 7 "".^ ^"* temporary buildings. 

. -- ----- L-TTT^zr^ Corner [loords. It is cus- 

"■ " I - i C"- toniary, whenever the waits U 

' ' — ~ " a building are coven-fl with 
"^^^^^ma^^mm^ elapboanls, to make B special 
[ - - - finish at the comers. Tlii« 

' finish usualh' takes the fortD 

of two boartis, one about .'i 

inches wide, the olbrr -tj 

' inches wide by about 1) 

inches thick, placed vertically 

at each side of the corner 

SO as to pnijeci IJ mcfao— 

the thickness of the hoard — beyond the face of the sheathitig. lliii» 

they form s«>mething for the elHpl>oards to be fitted against, llr 

itimer Ix>ards may Ite mitered at the corner, but this is not desinUr, 

as it is hard to make such a joint so that it will not open up undn 







the iufluena- of the weather. The comer boards arc. thenfore. 
usually fini!<hed at the conirr with a Mmple butt joint, the two ptrcn 
being securely nailed together. In some styles of wnrk it i 
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well to give the comer boards a special character, and this can l)e 
done by crowning them at the top with a capital, so that they will 
form a sort of pilaster at each corner of the house. A base may also 
be added if dedred, though it is hard to make a base finish well on 
top of the water table. Fig. 275 shows a view of a simple comer 
board in place on the outside comer of a house. A is the comer 
board, B is the clapboarding, C is the water table, and D is the foim- 
dation wall. Fig. 270 shows a section taken horizontally thrnugh 
the comer of a building with comer boards and clapboards, showing 
bow the comer boards are applied to the 
outside boarding. In this figure, A is one of 
the corner boards, B is the outside sheathing, 
C is the studding at the comer built up of 
2x4--inch pieces, and D are the clapboards. 
The width of the boards may, of course, be 
\-aried to suit the taste of the designer. 

When the walls of the building are to be 
covered with shingles it is not necessary to 
have comer boards, as the shingles can be 
brought together at the comer and made to 
Enish nicely against each other. The usual 
method is to allow the shingles on the adjacent 
Mdes to lap over each other alternately as 
shown at A in Rg. 277. 

Shingles. Instead of clapboards, shingles 
may be used for covering the walls of a '"sbingkd wa'i™ 
building, though this method is more exiten- 
save than the other. The advantages are in the appearance of the 
work, the variety of effects which may be obtained, and also in the 
fact that the shingles may be more easily (]ip])ed in some stain and 
a greater variety of colors thus obtained. Wall Hhinules should l)e 
laid with not more than 6 inches to the weather, and an exposure of 
5 inches is better, but even if G inches are exposed, there will be a 
greater thickness of wood covering any particular spot of tlie wall 
with the shingling than there is with the clapbojirding, and thus a 
greater protection from the weather is obtained. The nrrangenient 
of shingling on a wail Is shown in Fig. 278, It will be seen that the 
shingles are in all cases two layers and in some cases even three 
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layers thick. The width of nnlinary shingles varie» from about 3 
inches to about 12 inches, and for rough work tlicsc widths nia>' be 
used at random, hut shingles which are c»lle<l "dinieiLMori shinglfs," 
j.nd are cut to a uniform width of G inches, may be had and thnr 
should be used for any careful work. Also shingles may be ubtninrd 
which have their lower ends cut to a great variety of special and 
stock patterns, whicli may be worked into the wall so as to jirld 
any desired effect. A shingled wall is shown in ele^-atiim in Kig.377. 
Building paper should be nse<l under shingles in the same way aa 
under elapljoards. 

Belt Courses. It U often Anir- 
able, fur the sake of effect or for thr 
purpose i)f protecting the lower part 
of the walls of a building, to arrange a 
horizontal pnijerting band or "courw," 
as it is called, which will sli^tly 
■iwrhniig tile lower part of the iraU. 
This is called a "belt f«un«e" and 
usually invurs at or near a floor IpvH 
or across the gable end of a building at 
tlic level of the eaves. A l>elt eounc 
i.-< formed hi,' placing bloi-ks or brackets 
at intervals against the fnrr of the 
outside boanling, these blocks bring col 
to the re<]uirefl shajR- lo support thin 
pii-ces of molding. This arrangmimt 
is shown in .-iection in Hg. 270. Heir, 
.-1 is the studding. It is thr IxMrding. 
C is the hliM-k or bracket. D is the finish imder the block. £ t« thr 
wall shingling, /' shows where the shingles come down oxer the Ml 
course anil the furring supports the 6nish and proxidrs nailinfc 
surface for the first course of shingles. A similar In'Ii nturw ma>' br 
plaeri) on a building with any other kind of wall co\ering, ll>e priiw 
eipic being the sanw in everj- ease, ami the purjMisc bi-ing iilwa>-s lo 
form a projecting ridge from which the water will <lrip without injur- 
ing the wall surfutv t)rneath, Smietimea the wall ixivering is itot 
brought out over the lop of the lieil c<»urse, but i^ stopped immrdi- 
atd>' above it, and in this case care must be taken ti 
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of the course is well flashed with galvanized iron or copper so that 
the water can not get through the wall around it. It is best to cover 
the entire top of the belt course with the flashing and to run it up 
onto the vertical wall 4 or 5 inches with counter flashing over it. 
llie method of flashing will be explained later. 

OUTSIDE ROOF FINISH 

Finish at the Eaves. The point, or rather the line, in which tlie 
sloping roof meets the vertical wall is called the "eaves" and this 
point must always be finished in some way. This finish, however, 
may be varied to almost any extent, and it may be verj' simple, so 
as to barely fulfill the necessary requirements, or it may be very , 
elaborate and ornamental as well as practically useful. 

Gxi^XTS. Practical considerations require that 
at the eaves some kind of a gutter must be provided, 
to catch the water which falb on the roof and streams 
off from it. This gutter, of whatever kind, must be 
supported far enough away from the straight ^-ertical 
wall of the building so that the water dripping from 
it in the case of a possible overflow will fall free of the walls and 
not injure them. Usually, the gutter ought not to be nearer to the 
«aU than one foot 

There are a number of different kinds of gutters m use, and per- 
haps it w ill be as well to describe some of them at this time, as they 
form a part of the ea\e finish The simplesjt kinti is made of wood, 
and is generally kept in stock m se\eral 
different sizes bj lumber dealers It is 
of the general shape shown m section in 
Fig 280, and the most common sizes are 
4X6, 5X7, and 5X8 inches The; are 
usually made of white pine, but ma^ 
better be made of cj-press or redwood 
Spruce is hardlv durable enough for use 

as a matenal for gutters Besides the ^vootl gutttr just described, 
there are in use a number of different forms of metat gutters, some 
of which are earned in stock b\ dealers ui roof supplies and others 
which must be made to order \>\ the roofer for each particular job. 
Tlie metal gutters are made of galvanized iron, copper, or of a tin 
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lining in a wood form. Any wood gutter ma>' be impruvnl by 
lining it with tin or zinc, and there should always be b pi«T of tmr 
iif these metals used to cover the joint between the two pirtrs of a 
wwxi gutter where they meet. Wood gutters can be had only in 
lengths of about 10 feet at the most, so usually there must be same 
joints to be covered with metal. The simplest metal gutter tnkrs 
the form of a trough, as shown in Fig. 281 . and is fastened in plwv 
by hangers placed at frequent intervals or by bmeketa \i bJeli ansntr 
the same purpose. Either the hangers or the brackets rany ht 
spiked to the en(rs of the rafters, and thus a cheap and simple 
glitter may t>e obtained. 
.^(^4. "/"■" f '("■«»>'■. TV 

most simple way of sup- 
)K)rting the gutter is to )rt 
the main rafters of the roof 
frnming cstend out over the 
wall an far n.i neci-^vAiy and 
cut a rabbet in the eitd of 
each of thcin into which ihc 
gutter <K-ill fit. In this cam 
the wood gutter Abouk) be 
UiiFd. It it* fsntened into 
the notches left In tlir end* 
i)f the rafters, as ^unm in 
Pig. 2S2. In this figure. A 
i:s the gutter, B if the t«fter, 
C is the studding of the building, I) is ihe plate with the raftrm mt 
over it and the (riling joists E resting on top of it, F b tbe ouLtide 
hoanling, which may be covered with ela)ilx>Hrd^ or hliiii)dr», atid 
(1 is the roof boanliiig, wliich may lie covered with shingles urNhiteA. 
In one respect the eniistniction »hon'n in this figure is fault^v, because 
the gutter iMriitg placed in the position !«linwn, »inow .sliding all the 
roof would cntcli the outer edge of it and perhaps tear it off. The 
gutter should, wherever |)f)ssib!e, be placed low enoitgh w) that the 
line of the finished roof, // in the figure, will clear the edp- irf it. In 
i>rder to improve the a|>|>enraiice of the eaves it is well. In pWv a 
iHiard J alfing the ctlgc of the rafters so as to hide them and prvivni 
a plain surface to the e,ve and lo finish the joint between this htmrd 
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and the under aide of the gutter with a small bed miildiiig K. I'nder- 
neath the rafters where they cross the plate and come tlirough the 
outside boarding b placed a board L which forms a stop for the sid- 
ing or shingles, and another board should be inserted between this 
and the under side of the roof hoarding, as shown at M. It is also a 
good plan to cover the ends of the ceiling joists with a strip of board- 
ing to keep the wind out of the roof space. This is shown at 0. 
The finish shown in Fig. 282 is of the simplest and barest kind and 
can be used only for buildings of an unimportant character such iis 
stables and outhouses or for cheap country houses. 

Boxed Cornice. A better finished form of cornice is shown in 
Fig. 283. Here an extra 
piece P is placed just above 
the gutter so as to cover the 
spaces between the rafters, 
and the entire under side of 
the rafters outside of the 
wall of the building is 
covered with boarding as 
at Q, so that the rafters 
will not be seen at all. 
The piece L must still be 
used, "however, to stop the 
wall covering. This figure 
also shows the roof shing- 
ling at R. This should be 
laid about 4 to 4j inches to 
the weather. It is laid closer than the wall shiiigling because it is 
nearer flat and the water will stand on it longer than it will staj' on 
the wall. The water thus has a greater chance to leak through and 
the shingling must be laid closer and thicker on the roof. It is wise to 
insert blocks on top of the plate as shown at S, and to continue the side 
sheathing up to the roof sheathing so as to make evcrxthing tight. 
All of the boarding used for the boxing in of the rafters at Q, together 
with the pieces L and J, may be of |-inch stuff. The piece /' should 
usually be of l|-inch stuff so as to allow of rabbeting it to recci\'e the 
gutter. The piece A' may be molded as desired by the designer of 
the building. J is called the faticia and Q is called the plancecr. 
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The principal objection to the boxed cornice is that, if sdot 
melts in the gutter and freezes afterward so as to fill up the gutter 
during the winter, it is very likely to work its way up under the 
shingles when it finally melts in the ^ring, and in this way find its 
way into the attic. In the case of the open cornice there is little 
chance of this happening, as the water can get away at the bade ol 
the gutter between the rafters. 

Sometimes it is desired to place the planceer in sudi a poeotioi] 
that it will be horizontal instead of following up along the under side 
of the rafters. Tliis is accom- 
pUshed by fastening a juece of 
furring to the end of the rafter 
and to the wall in audi a -WMy 
that the bottom of it will be h«i- 
zontal, and spadng these jneces 
12 or 16 inches apart all around 
the eaves of the building. To 
tUs funing can be nailed the 
planceer irtiidi will box in the 
cornice and be in a horizontal 
position. The gutter can still be 
fastened to the end of the rafteis 
as before. This construction is 
shown in Fig. 284. The pieces 
of furring referred to are shovn 
at A. 

False Hafter CorutnuHon. It 
is often desirable, for the sake (rf 
architectural effect, to break the surface of the roof just above the eave 
line, and in order to do this it is necessary to make use of small pieces 
of rafters, called false rafters, or sometimes "jade" rafters, whid 
are nailed to the ends of the regular rafters. In this case the 
regular rafters stop at the point where they rest on the plate, and 
the false riifters project out over the wall line as far as may be desired. 
These false rafters are cut into various shapes and are usually left 
exposed on the under side, being in this case made of a better and 
harder class of wood than that used for the regular rafters. TTk 
gutter may be placed on the ends of these false rafters if desired, but 
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it is more usual to make use of a construction such as ie shown in 
Fig, 285. Here it will be seen that the gutter is merely formed up 
on top of the roof shingling by a piece A which is held in place by 
the bracket B. The brackets occur at intervals of about 2 feet, 
while the piece A is continuous. The shingles which cover the roof 
are stopped on the strip C and the inside of the gutter thus built up 
is covered with galvanized iron, or copper, to make it water-tight. 
The ends of the rafters may be finished with a fascia as shown at D, 
and the space between the false rafters along the wall may be finished 
as shown at E. In place of the wood piece A which forms the out- 
side member of the gutter, a piece of metal may be used to accom- 
plish the same purpose, and this is often done. 
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Conceaied GuUerg. Another common form of eave provides a 
concealed gutter. In this construction the ceiling joists are extended 
beyond the outside walls and the rafters are cut to set over the plate. 
TTie cornice and gutter are illustrated in Fig. 286. The studding is 
shown at S, and on the plate P the joists C extend over from 8 to 
14 inches, depending on the effect desired. Around the joist the 
planceer Q, the fascia J, the bed iV, and crown molding M are fixed. 
A notdi is cut in the joist and a j-ineb piece is nailed in this notch 
and on the outer end. "Kn or copper is used to conduct the water 
over the gutter. The tin should be nailed to the crown molding 
and should be run 8 or 10 inches above the shingle line. 

Finish for Brick WaUa. Any of the forms of eave finish described 
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above may be used equally well in cases where the wall is of brick 
instead of wood. In this case a wood plate is placed on top of the 
brick wall and the rafters are brou^t down over it, and are dtiier 
extended out over the wall or are fitted with false raftera. The joint 
between the brick wall and the wcxid rafters is finished with a wood 
frieze. 

Cornices may be much more elaborate than any of those illus- 
trated above, indeed those shown here are suitable only for the plain- 
est and cheapest kind of work, but the prindples of construction aie 
the same in all cases, the difference being in the amount of onm- 
meat applied to the building. Ilie ornament takes the form of 
molded pieces of timber whidi ate 
supported by rougher furring 
pieces placed b^ind them. 
Economy demands that the 
finished pieces be so arranged 
as to be cut out of boarding of 
medium thickness, and as mudi 
space as possible should be 
occupied by the rou^, conceit 
furring. As a rule, all of the eave 
finish can be taken out of J-incfa 
stuff. Care must be taken always 
to give the gutters the proper 
slope to the outlets called "down- 
spouts" and they should be made 
large enough so as not to over- 
flow. A gutter should slope j inch to the foot. 

Ridge Finish. At the ridge of a roof where the two slopes nwet 
there must be some special provision made for the proper finish of 
the roof covering, something for the shingling or slating to finish 
on as well as some adequate means of covering and maldng water- 
tight the joint which occurs at this place. There is usually a ridge 
board, or ridgepole, which receives the rafters, and this piece may 
be cut off just at the ridge ao that thfe rough roof boarding goes o\'er 
it, or it may be made wider and may project up above the roof 
boarding, so that this boarding stops against it instead of going 
over it. The two different methods call for different kinds of ridge 
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finish. He first is the most simple, and may be taken care of as 
shown in Fig. 287. Here, A is the ridge board, BB are the rafters, 
£ is ^e roof boarding, C is the shingling, and D is the finish at the 
ridge, conaiating of two pieces of board about 6 or 8 inches wide 
and j inch thick, which are nailed on top of the shinghng to form 
a finish. In case the ridge hoard is carried up above the roof boarding, 
it is customary to make the ridge finish of galvanized iron or of 
copper or other metal. This may be done very simply, as shown 
in Kg. 288. Here the ridge board is extended above the roof board- 
mg and around it is shaped a strip of galvanized iron or copper or 
zinc, which b continued down over the shingles of the roof so as to 
form a flashing. This makes a good ridge finish and one which is 
water-tight if it is properly put on. The gah'anized iron should be 
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flashed down over the shingles for a distance of at least 6 inchts It 
is not necessary that the ridge board should be extended above 
the roof boarding. The same result ma> be accomplished b\ nail- 
ing a separate piece of 2X'i-inch or 2x5-ineh scantling to the top 
of the shingles, rmining lengthwise of tlie roof, to form a ridge over 
which the metal may be shaped. This method ma>- perhaps make 
a tighter job than the other. 

Skyl^ht Openings. It is sometimes necessary to make an 
opening in a roof surface for the admission of light to the rooms 
under the roof. This is usually done by the formation of what is 
known as a dormer window, tlie method of framing for which has 
been already described, but often it is de-sired to admit light when 
the attic space is not of sufficient importance to ju?tify the introduc- 
tion of a donner window in the roof. In this case recourse is had 
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to a. skylight. A skylight may be obtuiiicd l>y thif use of glftss in tfat 
roof surface in place of other roof covering such as roof binrding aud 
shingles, but it is almost always necessary to provide hodk sgrt at 
frame tor this glass, and the glass surface is usually raised «bout 6 
or 8 inches above the shingled roof surface so as to krep the gUaa 
as free as possible from snow and to separate it frum the geom) 
roof surface. The first thing to be done is to frame an npeaiiig, 
in the rough, between the rafters, by introducing trimmrr pirom 
just above and below the place where the opening is to be. Tlii* 



tpletes the rough framing for tJie sk,vlight. The finished t 
may be formed in a rnmiber of ways, one of wliich U sliuiwn la 
289. Here, AA arc tlic pieces referred to above, which foam 
between the rafters BIS and form the rough o])rning. /> i'> (be not 
boarding which is brought up to the edge of the opcuing a-s tniamAt 
and .sawi-d off flush with it as shown. CC are pieces of rough s 
which are naile<l on top of the boanling tn talxf the skjlight abov» 
the ruof surface. They may be of any sire desired, but in this 
they are 4x0 incliCH. EE is sheathing aUiut I indi ihick wbidi 
forms a finish for the inside of the skylight opening. It i 
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tinued to the top of the pieces CC and down to the plaster line 
inside under the roof so as to cover up all the joints. This sheath- 
ing may be V-jointed or beaded if desired. FF is furring on the 
under sides of the rafters, and G is the plastering under the roof. 
HH are finishing pieces covering the joint between the sheathing 
and the plaster. These pieces are called casing. MM is flashing 
of some kind of metal, which should be carried well under the shingles 
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or other roof covering all around the skylight, and is carried inside 
to form a little gutter around the inside of the skylight just under the 
glass as shown, in order to catch drippings from the glass. A' is 
the sash which holds the glass. It should be hinged to open at the 
top at the point niarked L and should project an inch or two beyond 
the frame all around and have a drip cut in it as shown at 0. Fig. 
290 shows an elevation and a section through a sash suitable for use 
in a skylight. AA is the top rail which is ploughed to receive the 
^ass as shown at B. The bottom rait CC is made thinner than the 
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top rail so that the glass can pass over it and project beyond it is 
shown at D. EE are divisions called "luuntins" niimin); length- 
wise of the skylight, their distance apart and the number of them 
required depending upon the width of the slieets of glas* ustxi. The 
muntins support the slieels of glass at the sides, as shown in Fig. 291, 
which is a section through a ^ngle muntin. In this figure, A a the 
wood muntin itself, BB is the glass on each side, and CC b the 
putty which is used to hold the glass in place and to make tlie joint 
tight. In a skylight sash there should be muntins run ning Icn gih- 
wise of the sash^oi^y^ and the glass should be supported only at the 
side. If the sash is so long that a single sheet of gla.sa will not cover 
it, two or more pieces should be used and should be lapped on each 
other at the ends as shown at P in Fig. 289 and at F ui Fig. 290. 
This lap should be from IJ to 2 inehes. Tlie side pictts of the skj-- 

light sash, GO in Fig. 290, should be cut iunulmr 

lo the muntins to receive the glass. 
There are a number of other methodH of coi^ 

structing skylights besides the one shown in Fig. 

289. The constniction of the sa.<ih, however, is 
'^" "oV MiS^'of**''™ »'"■»>■* about tiie same as there shown aitd as 

described, the diiTcrence being in ihc fi>nii of the 
frame. The pieces marked C in the figure are sometimes omitted 
entirel.v, and the sheathing E, whieh is only about \ mA in 
thickness, is replaced by planking 1} to 2) inches thick. Such 
planking is stiff enough to be allowi-d to [iroject G or S bidica 
above the roof boarding and it thus takes the place of the piecM C 
Tlie sash then rests on llie ends of th'is plonking, m shown in 
Fig. 292. la this figure, AA Is tlie rough framing simibu' U* 
that in Fig. 289, BB are the rafters, CC is the plaokinc rara- 
tioned above, which, it will be notices), <loes not extend down In the 
plaster line on the inside, but is stopped about .1 inches abo\-e it and 
is pieced out with a strip of |4nch slulT. l)D the joint between the 
two pieces iK'ing covered and eased off by a molding EE. TTie 
architmve //// is made use of in this instiince alao. Other open* 
ings in the nxif surface, whicli are parallel with that surface, aod 
which arc fur other purpusi-s than the admission ctf light, 
scuttles, trap diHirs, etc., may Ite framed and finished in a 
umilar to that just described for skvliglit openings. 
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Dormer Windows. When it is desired to obtain the admisaion 
of light to tlie space under the roof surface in a way more elaborate 
and satisfactory than is possible with a simple skjlight such as has 
just beeu described, recourse is had to dormer windows. They are 
so called probably liecause in early times nearly all of the sleeping- 
rooms of the houses were under the roofs and were hghted by means 
of such windows. They are formed bj' framing an opening in the 
roof surface in the same way as described for skj-Iights, but on the 
rafters and on this framing arc built up vertical walla of a height 
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sufficient to take a small window set in verticallj-. The method of 
building the rough framework has been already described. Tlic 
walls of dormer windows are treated in the same way as the walls 
of the main building, being covered with shingles or clapboaida or, 
in some cases, with slates. Fig. 293 shows the most simple form 
of dormer-window roof. This is a simple roof with a pitch in oi"' 
direction only, less steep than the pitch of the main roof so as to 
allow of enough vertical wall in the front part of the dormer t" 
accommodate the window, and uniting with the main roof at " 
point farther up on this roof. The sides of the dormer t 



ie main roor ai " 
lormer are covere-iJ 



CARPENTRY 211 

solid with shingles or whatever other covering is used, the front only 
containing an opening. This arrangement is the same for all dor- 
mer windows, there being no advantage in putting openings in the 
sides. The roof, showTi in Fig. 293, sheds water onto the main 
roof in front of the dormer window and, therefore, there should be a 
gutter along this front and here the eaves should project somewhat 
over the wall, as shown. At the sides there need be no projecting 
eaves. A section through the gutter would be similar to that shown 
in Fig. 283, though the gutter itself may be a little smaller and the 
rafters are of course smaller. The piece marked A in Fig. 293 
serves as a fascia to cover the ends of the rafters and this fascia 
should be continued up on the sides of the dormer as shown at B in 
Figs. 293 and 294. (Fig. 294 is a section to a larger scale through 
the side wall of the dormer window near the roof.) This fascia is 
cut out as shown, to receive the shingles which cover the side walls. 
The gutter marked C runs along the front of the dormer and should 
be made to miter at the end with a molded board marked D, w^hich 
runs up on the side. A section through this molded board is shown 
in Fig. 294. The distance E in this figure must be the same as the 
distance E in Fig. 293, but as the distance G is not the same as the 
distance F (both in Fig. 293), the profile of the molded board D will 
not be the same as that of the gutter C. This is a principle which 
will often be met with in gable finish. In Fig. 294, // is the roof 
surface of the dormer, J is the end rafter, K is the boarding on the 
wall, and L is the boarding on the roof. If it is desired that 
the eaves shall project beyond the walls on the sides as well as on the 
front for the sake of effect or to better protect these side walls, this 
r^odt may be accomplished, as shown in Fig. 295, by blocking out 
the fascia and the molded board as far as necessary. In this figure 
A is the fascia, B is the molded board, C is the blocking, and D is 
the roof siuface of the dormer, E is the wall of the dormer. The 
blocking C should consist of pieces of 2-inch stuff cut to the required 
shape and spaced IJ feet to 2 feet apart along the line of the eaves 
to receive the finished pieces A and B. F is a soffit piece added to 
box in the eaves and G is a secondary fascia added to receive the 
shingles or other covering. 

The t}rjpe of dormer roof just described throws the water for- 
ward onto the main roof of the building, but this arrangement may 
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be varied by siknring the roof lo drain ^deways like an ordinary 
double-pitcbcd gaUe roof. In this case thne nHll be gutters on 
the caves at the sides of the donner window and a gable on the front. 
SnA a frindow is shown in Fig. 296, in which .1 represents the line of 
the Gnisbed roof surface, while B is the roof of the dormer window 
shown in side ele\*ation, C beiog the side wall of the dormer itstlf. 
D b the gutter at the eaves. A section through the eaves at D 
would be ver>' much Uke that shown io I^g. 2S-3. £ is a fascia cov- 
ering the ends of the rafters and the eaves may be either open or 
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boxed in. The fascia E is usuallj' continued around the front of 6 
dormer window as shown at F, projecting as far as may be desired 
beyond the front wall G. A molded board, cut in such a way a* 
to miter with the gutter, is carried up the side of the gable end, and 
this piece is generally known as a "raking molding," or a "raking 
mold." It is similar in shape to the molded board shown at I) in 
Fig. 294, A section through the fascia where it nma across the face 
of the dormer is shown in Fig. 297. Here A h the fascia board which 
is nailed to the ends of pieces called "lookouts," about 2 indj 
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thick and spaced from 1 to 2 feet apart, as shown at B. The look- 
outs may be nailed to the studs as shown in the figure or they may 
be merely nailed to the outside boarding, but the method shown is 
the better one, as it gives the lookouts a very much firmer support. 
The under side of the lookouts should be sheathed with j-inch stuff 
as shown at C, with a piece D to receive the shingles. The upper 
surfaces should be covered also with sheathing and on top of this a 
covering of galvanized iron, copper, or tin to shed water. Besides 
this the tops of the lookouts should be cut with a pitch outward, as 
shown at E, to facilitate the shedding of water. In this figure, F is 
the studding and G is the outside boarding which comes in the trian- 
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gular space marked // in Fig. 296. A section through the raking 
molding K, in Fig. 296, is similar to that shown in Fig. 295. 

Although the two types of dormer windows described are the 
basis from which all other types have been developed, still there are 
many kinds of dormers which have quite a different appearance. 
ITiey are all, however, similar in construction to the two types shown, 
the difference being in the way in which the wall covering is applied 
and in variations in the proportion and In the shape of the windows. 
The ones shown are the very simplest of their respective kinds, but 
they serve to illustrate the manner in which all should be constructed. 

Qambrel Roof Finish. The kind of roof known as a "gambrel 
roof' has already been described so far as the framing of the roof 
is concerned, but at the point where the steeper part of the roof 
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meets the flatter part, there is a little finish which may weO be 
described and illustrated while considering the roof finish. Hie raf- 
ters B, in Fig. 298, stop at the top against aframing piece C and the 
roof boards G are nailed to them, but the ends ci the rafters of the 
flatter portion A rest on top of the piece C and the lower end would 
be left exposed if it were not covered by the finishing |nece D. Tbis 
is of jf-inch stuff and runs continuously across the ends of all the 
rafters, covering the spaces between them. It is weO, however, to 
take the additional precaution of putting in the piece i7 so as to 
make the space under the roof less accessible to the weather. The 




Fig. 200. Diagram of Simple Gable End of a Building 

shingles or other roof covering on the flatter portion of the roof 
should project over the piece D far enough to form a sufficient drip 
over it, as shown at F, and the piece E should be inserted to catch 
the drippings and shed them onto the shingling of the steeper roof. 

A form of finish similar to that described above may be used 
in the case of a deck roof at the point where the flat deck meets 
the inclined roof surface. The only difference between the deck 
roof and the gambrel roof finish showTi in Fig. 298 is that the rafters 
A will be nearly flat instead of inclined, but this will not affect the 
application of the finish. 

Qable Finish. We have seen that when a dormer window is 
designed with two sloping roof surfaces, there is thus formed on the 
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front of the dormer a triangular-shaped surface which must he 
decorated in some way and which calls for a certain amount of fin- 
ish. The same thing is true of the main roof when this is designed 
as a gable roof, the triangular surfaces at the ends of the building 
being known as "gables," The problem which presents itself here 
is to treat the lines in which the roof surfaces meet the vertical wall 
surfaces at the ends of the building, and to cover up the rough timber 
of both the wall and the roof. The most simple way of doing this 
is to miter the gutters at the sides of the building at the line of the 
eaves with a raking molding which will follow the line of intersection 
between the roof surfaces and the gable wall. In the nlainest work 
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this raking molding will not project much beyond the wall line, only 
far enough to miter properly with the gutter. Fig. 299 shows a very 
simple gable end of a building with no finish except the raking mold- 
ing, referred to above, mitering with the gutter at the eaves. In 
litis figure, C b the raking molding, D is the gutter. In Fig. 300 is 
shown a targe-scale section taken through the raking molding where 
marked section A-B in Fig. 299. In Fig. 300 A is the raking mold- 
ing, B is the roof shingling, C is the roof boarding, D the rafters, 
E the end studding, F the outside boarding on the end wall of the 
building, and G the fascia below the raking molding. The molding 
is so arranged that the roof boarding stops against it and the roof 
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shingling i>Rsses over it and projects a little beyond il so as to (wo 



if rough pieces spaced 2 to 3 feet apart and shajted to tike 



s showii at A' in Fig. 300, In the sijace markcii // is blocking 
consisting o 
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the back of the molding. 

There is ttn awkwnrd pUtc 
at tlie point marked E in t'lg' 
299. wliere the line of tlw gahW 
meets the vertical line o/ tlr 
comer of the building, and some 
finish is usually placed hen to 
(i\-creon)e this awkwardness. la 
ihc small gable on the eiid irf 
the dormer sliown in Hg. 29C 
the fascia Is carried acrms the 
face of the gable as well as along 
Hi. 803. r« "' y'fr ""*"' " *'••'''■' the Hiking line of tl»c pt»f, and 
this arrangement ia sometiiiwi 
adopted on larger gable ends, but a more common practice is otiy 
lo start the fascia across the gable end wall and then return it oo 
iusclf a foot or two fn)m the corner markiii E in Fig. 299, stopping 
the raking fascia on top of ii. Thb vs 
shown in Fig. .101, A brttcr result is 
obtained by ri-turning the piiter mold- 
ing as well as the fascia. Tlie top of 
the return marked A in tlie figure tJioukl 
I ^' Hll^SlWi'ikiiSSr '**'' ^"P"' outward slightly so aa to shed 

^^pO||mr^ water. B and (' are additional tmnd* 
U ■■ |a boards which are added to give additional 

I yy»8 M_^ width to the raking moldings. 

I H M Verge lioarde. It U a commMi practkr 

D BQ H to use what are called "verge b<ianda" 

f Dl o ^'"' ^''^ ^»i''b of the gable ends of buiM- 

[ BT^ ings, niese are n kind of i>nuunenta] 

t |g rafter which follow.'* up tlw rake of 

I n«. WM ft»tinn Uit..uih \.if« the roof, not alunc the wall but soom- 

I Doud UMt Knil W»U . 1 ■ . I 1 ■ 1 . 

■ distance fnmi it, t>eing neUl in puc* uy 

^^^ lookout.^ which nrc nailetl to the studding or to the bo«rdin|t mad 

^^^B placed at the pn>per distanei-s apart. Tlie verge board forms a Mop 
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for the gutter and furnishes a very suitable finish for the gable. It 
is usually crowned with a raking molding of some sort and is, there- 
fore, only a big fascia. Fig. 302 shows a verge board in elevation at 
the point where it joins the eaves, and Fig. 303 shows a section 
through the verge board and the end wall of the building showing 
how the board is supported by the lookouts. In this figure, A is 
the verge board, B is the raking molding, C is the blocking which 
forms the lookout, D is the outside boarding of the wall, and E is 
the shingling, F is the roof board- 
ing, and G is the roof shingling. 



WINDOW AND DOOR FINISH 

Outside Finish around Win- 
dows* Wherever there is an open- 
ing in the wall of a wood build- 
ing, such as a window or a door, 
the outside finish, consisting of 
shingling, clapboarding, or other 
covering, has to be cut through, 
and if no special provision were 
made for the finish around the 
opening there would be as a 
result a very ragged appearance. 
In order to avoid this it is cus- 
tomary to place all around the 
window opening pieces of finished 
timber which are known as otd- 
side trim, outside architrave^ or 
outside casing. These pieces form 
a stop for the wall covering. 

Fig. 304 shows a window opening in elevation looking from the 
outside and showing the outside trim. At A is shown the casing 
around the sides and head of the window and at B is shown the sill. 
In Fig. 305 is shown a section through the sill at the outside of the 
wall. Here, A is the sill itself which extends through the wall to 
the inside and receives the sash as will be explained later; B is the 
rough framing for the opening and this piece goes between the verti- 
cal studding at the sides of the rough opening; C is the outside 




Fig. 304. Elevation of Window Showing 
Outside Trim 
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boarding attached to the studi^ng; D is the wait covering of si 
or clapboards; and E b building paper wluch must be pUrcd between 
the outside boarding and the wall covering. It will be notion! that 
the under side of the sill is ploughed to receive the shinelci or Hap- 
hoards and that it projects out over the wall line a distance of about 
! inch, so as to let rainwater drip to the ground withnut touching 
the wall. This figure shows the simplest sort of sill, such as woukl 
l»e used only for vcrj- cheap work. In more important work it is 
customarj- to add another piece, called an "apron," und«r the pro- 
jecting part of the sill, as shown in Fig. 306, where .-1 13 tbe apron, 
B is the sill, and C is the wall covering. The purpose of the apron 
A is to cover the jouit Ijctween the wall covering and the sill and lo 
give it a fimshed appearance. Fig. 307 shows a section taken through 

mmsm 
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the ude or jamb of the window shown in Fig. 3(M. Here, A a * 
section through the \-ertical studding at the sides of the rough v^eur 
ing, li is the outside architra\-c with the molding C attached to it, 
F is tlie outside boarvliiig, G is the building paper, and E h the wall 
covering of claj>boards or shingles. 

The outside architrave B is nailol at one side directly iniu tbe 
studding, and at the other side it is ploughetl ho as to join into anotber 
piece culled the "puUej' stile," the puriMise of which will bcexpUined 
later. Tliis pullej' stile must Ix- plaoeil at lea-^t 2i iw4»rs from the 
studding .(, leaving a space market! // in the figure, which is called 
the "weight box" or "iKK'kri," in which urv ]iIbcii! the weights fcw 
o[MTating the window. The arrangrrocnt of these weights will be ex- 
plained in detail later. It will be seen tluit tJic width of the 
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architrave B is determined by the width of the weight box which it 
has to cover. It will also be seen that the architrave B projects beyond 
the pulley stile D by a small amount at the point marked K in the 
figure. This projection is usually about J inch and is for the accom- 
modation of the sashes. The purpose of the molding C is to form 
a projection against which the shingling or the clapboards can be 
stopped. The building paper V should be carried around as shown 
and the wall covering placed over it, so as to thoroughly cover the 
joint between the outside boarding and the molding C. This is to 
keep the weather from entering the building through this joint. If 
more room is required in the weight box this may be obtained by 
setting the outside architrave B outside of the outside boarding, as 
^own m Fig 308 The molding C may then be dispensed with if 
desired, since it is no longer required as a stop for the wall covering, 
which can stop against the edge of the outside architrave B. 





Pulley StUe. In Fig. 307 we have seen that the piece D, called 
the pulley stile, forms one side of the box where the weights for the 
window sashes are concealed, and that it is fastened to the outside 
architrave by a tongued and grooved joint. Besides forming one 
ade of the box for the weights, the pulley stile acts as a guide for the 
sashes, which slide up and down in grooves formed by the outside 
architrave, the parting strip, and the stop bead, as is shown in Fig. 
309. In this figure, which is a section taken horizontally through 
the window jamb, A is the pulley stile, which should be IJ inch thick 
but may be made | inch thick if the windows are not large. B is the 
"parting strip," so called because it comes between the sashes and 
separates them from each other. It is let into the pulley stile as 
shown, and is usually f inch thick and about 1 inch wide. It must 
extend the full height of the pulley stile. K is the "stop bead," so 
called because it comes in front of the inside sash and holds it in 
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place, forming one side of the groo\'e in which the sash slitks. The 
other side of the groove is formed by the parting strip, aa .*h»iwii in 
the figure. The stop bead is really a part of the inside finish, mnd i* 
usually made of hard wood. It is screwed in place so that it Cttn be 
easily removed, and when it has been taken out the sashes them- 
selves can be removed also. The stop bead must be wide enough to 
go a little past the edge of the pulley stile and lap over onto the pie<>e 
L, which is a part of the inside finish culled the "inside architrave." 
The stop bead thus covers the joint Iwtweeii the outside and the 
inside finish. In Fig. 309 it will be seen that the outside architrave 
C, the parting strip B, tlie stop bead K, and the pulley stile A. 
together form a sort of pocket about the edges of the sashes ////, 
in which they slide up and down freely but out of which they can 
not fall either toward the inside or towiud 
the outside of the building. Near the t»p 
of the pulley stile there is cut in it a miirtise 
and in the mortise is placed » pulley ulxiut 
2 inches in diameter, made especially for 
the purpose. 

4 stout cord or iJiaiii Is attached to thv 
side of tile sash and |>assc» o%it the pulley 
mto the weight box, where it is atlachnl ii» 
a weight made of c^st inm or lead which 
serves to balance tlie window MLih ainl tiiALe 
It work more easily. Tlier*- are two puUF>~!i 
in the top of tlie pullet' stile, one for e«rh of 
the sashes. In Fig. 'MO, which is a view of the upper part of the 
pulley stile looking at its edge from the outride, one of tht- pullr>~» 'a 
shown at A. This figure also lihows the top of the pulley stile C let 
into the yoke G about ) inch. This is shown at H. It is tin- usual 
method of fastening the pulley stile at the top. In the figure F arc 
the upright stu<ls at the sides of tlie MUgh window uprtiliig, ami K 
are the rough pieces wluch form the top of the rough opening. I) it 
the parting strip at both the side and the U)p of the window opening. 

In Fig. 'Ill is .<ihown a section taken vertically throu|ch the tap 
of a window frame of this type, .t is the yoke, which should be 
Ij inches to 2 inches in thickne.>«s; as e-iplained above, it »houkl 
be long enough to pass over the top of the pulley stile ua both sides 
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and allow this member to be let into it. The space K between the 
yoke and the rough framing EE is filled with rouph blocking. F is 
an outside architrave similar in all respects to that which occurs 
at the sides of the opening. It is ploughed to receive the yoke, as 
shown. B is the parting strip, the same size as that on the pulley 
stile described above, and C is the stop bead. L is the inside archi- 
trave. EE is the rough framing between the studding at the sides 
of the opening, G is the outside boarding, and II is the plastering 
inside, D being what is known as a "ground." 

Sifl In Fig 312 IS shown a section taken vertically through 
» window sill showing the bill complete. Here A is the sill itself, 
"whidi will be seen to extend through the wall far enough to receive 
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the inside sash G. The top of the sill is cut with a slope downward 
and outward, which is known as a "wash," and the purpose of which 
is to cany off the rain water which may be driven against the glass 
of the window and drip down from there to the sill. C is the outside 
boarding, B b the rough framing, and E h the plaster. Z) is a 
part of the inside finish called the "stool" and F is another piece 
called the "apron," which together cover up the edge of the sill on 
the iimde. The pulley stile is let into the sill about J inch in a 
manner similar to that in which it is let into the yoke at the top, and 
the sill is made long enough to extend a little beyond the back of 
the pulley stile on both sides just as is the yoke. Thus the two pulley 
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stiles at the sides and the yoke at the top, togetlier with thr sill st 
tJie bottom, form a complete frame Hilled the "nindow frame." 
which is usually made up at the raiti ami taken ui the buililttig in one 
piece, where it is set up in plaee inside of the rough-framed opening. 
The slight rabbet in the sill shown at // is intended for a stop for 
outside blinds when these are used. In this ease the blinfLs ore huiif 
as shown iu Fig. 313, which is a section taken horizontally through 
the window jamb. A is the outside architrave, which i» placnl in 
this case outside of the outside boanling If for tlie purpose of rwav- 
ing the blinds. It serves at the same time as a stop for the wall cuv- 
eriiig C. Dh the blind, and E is a piece put in to form the weigbt 






box and known an the "outride easing." Tills figure abo •itows at 
a a small block which may Ik' iiijierted lietween the tnitaide caiing and 
the sush /' in onler to fill up tlie space and push the ush nearer the 
inside wall line. To this small block a strip may br nailed wyi^ 
will take a sliding fly sen-en. 

Doubie^ung Sash. In Fig. .'IM is nhown a Urgt^tr atddam 
through the side or stile of an onlinary window sa.'Ji, with mne fli 
the dimeiL-iions gi\-en. llie same sei.-tion is urdiiuirily lued fur tbr 
top rail of the sash, as fur the stiles at the sides, but the h»lloin rail 
is usually made heavier. A section ihrougli the iKittom mil Is showii 
in Fig. 315. In (Ig. 314, A a the body of the stile, whidi (or orSaaty 
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good work is made If inches thick and 2 inches wide, not counting 
the rabbet for the glass. This rabbet is shown at C and is made | 
inch X I inch, which makes the entire stile If inches X 2% inclies, 
TTie portion shown at B is molded in various ways, usually- as shown. 
The glass D is held in place by means of small, triangular pieces of 
tin driven into the sash outside of the glass, after it lias been put in, 
and then covered up with putty as shown at C The Ixittom rail 
shown in Fig. 315 differs from the stiles only in size, being usually 
3f inches wide instead of 2| inches. 

Sashes are often made thinner than 1} inches, but if they are at 
all large they are likely not to stand well hut will warp and twist. 
For very large windows the sashes should be made thicker still, 
being in this case 2 inches or even 2\ inches thick. 




Upper and Lower Sash. Double-hung sashes arc divided into 
two parts, one called the "upper sash" and the other the "lower 
sash," which are so arranged as to slide by each other. They meet 
at the center of the window opening, and at this point, at the top of 
the lower sash and at the bottom of the upiKT sash, is a rail known as 
the "meeting rail." In Fig. 316 is shown a section through the 
meeting rails of a window. The section has been taken vertically 
and shows the meeting rails at a large scale, -1 is the toj) rail of 
the lower sash and slides up. U is the bottom rail of the upjjcr sash 
and slides down, the two coming together in the inclined line marked 
C. Each rail is cut so that when they come together the>' will nicct 
in this line. The thickness of the rails is determined by the fact that 
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the distance marked Z) is 1 inch, making the entire thickness of the 

rail B 1§ inches and the thickness of the rail A If inches. The rail 

A is carried down below the bottom of the rail £ so as to allow the 

glass to be puttied in as shown at E. In 

Fig. 317 is shown another method of 6t- 

ting the glass into the top rail of the lower 

sash. Here A is the top rail of the lower 

sash and at £ is shown the method of 

fitting the glass. As will be seen, the rail 

A is ploughed to a depth of about } inch 

and the glass inserted in the opening. 

This method allows the rwl of the lower 

sash as well as the rail of the upper sash 

*^ ^"iiJ^^Z""^ "' to be only If inches thick. Fig, 317 also 

shows another method of constructing 

the meeting rails as shown at C. Here, instead of meeting in a 

iitraight line as in Fig. 316, there is a slight 

rabbet made in each rail so as to ^ve a 

small extent of horizontal surface on each. 

The advantage of this method is that it 

prevents the sashes from slipping too far 

past cacli other, as they may do if cut 

as shown in Fig, 316, especially after they 

ive become a little worn. 

At the corners, where the horizontal 

rails meet the vertical stiles, the^^ are 

fastened together with a mortise-and- 

tcnon joint, the mortise being in all cases 

cut in the stiles and the tenon made on 

the ends of the rails. This is shown in 

Fig. 318 where at A is the joint between 

the top rail and the stile, and at B the 

joint between the meeting rail and the 

stile. D is the top rail and E is the stile, 

Fw lis J n^^i) ^tK i-n Suit and ^^-[Jj]e ^j // jg (hg tcnoH cut in the end 

of D, fitting into a mortise in E. F is the 

meeting rail tenoned into the stile. It is a common practii-e to 

CDiitiniic the stile some distance below the meeting rail and to 
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cut a molding in the end of it as shown at C. This makes the stile 
much stronger at this otherwise weak point. The joint between 
the bottom rail and the stile is made in a manner similar to that 
shown at A. 

Muntiiu. When there are more than two lights in a window 
openiog, the sashes must be subdivided and the panes of glass made 
smaller, and this subdivision is accomplished by means of pieces 
called "muntins" which are made so 
as to receive the glass in the same 
way as do the rails and stiles. In Fig. 
319 is shown a window sash divided 
into lights, four in each sash, and at .1 
is shown a muntin. In Fig. 320 is 
shown a full-^ze section through one 
of these muntins showing the way in 
which it holds the glass. A is the body 
of the muntin, BB is the glass on the 
two sides of It, held in place by the 
putty CC. The molding DD may be 
varied to suit the taste of the designer, 
but must be the same as on the rails 
and stiles. 

Casement Sash and Frames. The 
frames and the sash before described, 
known as "double-hung sash" or 
"English sash with box frames," are 
those most commonly employed in the 
United States and Canada, but there is 
another kind of sash known as "case- 
ment or French" sash which is con- Fijt 319. Wmdnw Seah Showine 
structedonadifTerent principle entirely. 

His sash is hinged at the sides to the frame so as to swing either in 
or out. The principal objection to this arrangement is the difficulty 
of making such a sash water- and weather-tight. It is also impossi- 
ble to use outside fly screens, if the sashes are hung to swing out, 
and if they are hung to swing in, the weather can penetrate through 
tbem much more readily. In Fig. 321 is shown a horizontal section 
through the side or jamb of a casement window In a frame wall. It 
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will be seen that the outside architrave is similar to the one which 
was described in connection with the double-hung mndow, and iii 
this respect there is no difference between the two There is, how- 
ever, no box for the accommodation of weights in this case, as no 
weights are required. The outside architrave is made m a way 
slightly different from any which have been illustrated before, but 
this method is equally well adapted for use with the other type of 
window. As shown at // it is made in two pieces, H being per- 
fectly plain and the molded piece K worked out of smaller stuff and 
fastened on to it. It will be noted that the piece K is rabbeted 
slightly and that the end of the piece H fitb into the rabbet in such 
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a wa\- that the joint between the two pieces is hidden from the front, 
and may open a little without being noticed. 

In thi- figure, AA arc the studs at the sides of the opening, / 
is the outside boarding and J is the plastering on the inside. B is 
the frame for the easement window, which in this case is made very 
thick, 2\ to 2\ inches in thickness, rabbeted J inch, as .shown at E, 
to receive the sash V. The sash itself is rabbeted and a groove is cut 
vertically in it, as shown, in order that any rain waterwhich maj' pene- 
trate the joint at E maj- lie stopped and niaj' run down the groove 
to the sill without getting inside. D is the stop bead and fi is a 
block which receives the inside architrave F. The sash is hinged 
at the point E and swings out. In Fig. 322 is shown another method 
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of constructing a casement window so that the sash will swing out- 
ward. In this case the sash is placed much nearer the outside of 
the frame and the frame is made much lighter than in the design 
shown above. The frame B is made from stuff only IJ inches thick 
and is made wide enough to extend in to the plaster line, thus doing 
away with the block G in Fig. 321. The stop bead D is also omitted. 
The frame B is rabbeted near the outside edge to a depth of about 
I inch to receive the sash C and an extra groove is cut in the frame 
to receive a half-round molding cut in the edge of the sash This 
arrangement is to keep out the weather. The sash C is 1| inches 
thick and 2| inches wide There are, of course, many other waj-s 




of constructing these frames and sashes which are more or less elabo- 
rate, according as the work is intended to be cheap or good. The 
designs shown are suitable for ordinary, good work and may be sim- 
plified for cheap work. 

Fig. 323 shows a section taken vertically through the sill of a 
window of the casement tj-pe, which opens out. A is the rough 
piece which forms the bottom of the rough opening, B is the out- 
^de boarding, C is the plastering. D is the sill, and E is the sash, 
F and G are the inside finish which cover up the rough sill D. It 
will be seen that the sill D is ploughed on the under side to receive 
shingles, as was the sill of the double-hung window. It is rabbeted 
on the top to receive the sash E, and rabbeted again under the sash 



so thai there will be less chance that the dripping from the aj 
be driven into the inside by the wind. Tlic under edge of tl 
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is also ploughed as shown at // in order to catch theite (Irippinp if 
they are blown in. Thiii sill ia for a aasfa which is placed t 






outside of the fnttne, while Fix- 324 nhoWM s sill suitable for ■ 
placed. a.s nhown in Fig. .'Ul, ocarrr the in<iidr of the fn 
tim figure, E lA the sash utid O is tlie sill. 
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The casement windows so far described are for sashes which 
are made to open out, but casements are also made to open in. Fig. 
325 shows a horizontal section through the jamb of such a window 
frame and sash, A is the sash with a half-round fitting into a mor- 
tise in the frame which is rabbeted as well to receive the sash. B 
is the frame, the sash being placed on the inner edge of the frame. 
Anotber method of forming the frame is shown in Fig. 326. Here, 
as in Fig. 325, A is the sash, and B is the frame which is ploughed 
as shown at C. This allows the sash to be made without the tenon 

shown in Fig. 325 and is, there- 

fore, cheaper and easier to make 
as r^ards the sash without being 
any more expensive as regards 
the frame. The hinges in this 
case come at the point marked 
D and they would come in the 
same position in Fig. 325. In 
Fig. 327 is shown a vertical sec- 
tion through the bottom of a 
casement window opening in. It 
will be seen that the sill B differs 
but little from the other sills 
shown before. It is rabbeted on 
the inside for the reception of the 
sash A, and at C is shown a 
special drip piece which is let 
into the sash and which is 
ploughed on the bottom so as to 
receive any drops of water which rig- a28. EiovBtion ot Doubii?-Hung Window 
may be blown under it by the 

wind. All casement sashes opening in should be provided with 
something of the kind. 

Transoms. It is often desirable to separate the lights of a win- 
dow, whether it is a double-hung window or one of the casement 
t>'pe, by means of a horizontal division called a "transom." In 
this case the additional light which comes above the transom is in 
the nature of an extension to the window projxir, and it is usually 
hung in a different way, sometimes bfing made stationary so as not 
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to be allowed to open at all. Fig. 328 shows a floublp-hung winduw 
with a transom am] a transom sash. ..^ b the traiL-u>m, B is the 
transom light, C is the upper sash of the window proptT, /■> tlit Itwrrr 
sash, and A.' is the meeting rail. In Fig. 329 i.-i sIiokii a auKtaatt 
window with a transom, A being the transom, B the tratLsotn light. 
CC the two lights of the window proper which are hinged at the 
wdcs, and /> the meeting stile. As no description of the mMting 
stile for easement windows has yet been gixTn, a Hection throui^ 
the stile Is shown iij Fig. 3-'J0. The bead at .lA may be omittnl 
if desired and the stihst may br 
9 ^— made plain. This, of coonr, 
—> c'lu-apens the constnietioa sane* 
^ what, 

A tran-wm for a doubk^4lallc 
uindow must comlniie iwn mro* 
Ihtm, namely, a headpjeee for the 
window [)n>|*cr, and a sill for tbc 

imnxim Mt^h \n stnp a^insL 

Tlu^H- propcTtieji dctrrminr tlie 
constniction of the tran,M)m. In 
Fig. 3^11 is shown a section taken 
\ t-rticiilly thnnigh the tranaum at 
11 double-hung windini , and it will 
W .'H'eii thai the two niemben 
ha\e been provided for, J ia 
the sill for the traitanm amA, 
vhivh LI shown at C while JI b 
ii( a-,. . »..r,., r,, rt„m... u;.i, 1 r.u«.n. tlie hpad janib for the main »-in- 
dow frame, the upper sash U-ing shown at 0. Tlie ptete O if- in fine 
with the uut^ide casing of the window at the jambs, aiid K U the 
stop beatl which is in line with the stop l>ead nt tlie iti(ie». The 
space nturketl // is filh-il with blix-kiu^. is the window Moot on 
the inside and F is the finished (ace of the transom on the inside. 

In Fig. it-TJ iK slioni) a section taken vertically thniugh the 
transom of a easement sash such as is shown in Fig. 329. It will 
lie seen tliat thiit tninsom differs wmewhni from the tniRsoni shown 
in FiK- '-^ii. the head for the casement frame beinjc qtulc differeat 
from the heail for u doubkvhung wiiulow frame. 



CARPENTRY 231 

In this figure, A is the top rail of the lower part of the window, 
that is, of the casement sash itself, while D is the bottom rail of the 
transom sash which forms the upper part of the window. At H is 
shown a small groove in the top rail, 
which b intended to catch any water ^ 

wlu<di may be driven through the open- 
ing between the sash and the frame dur- 
ing heavy rains. This groove should be 

, . . .1 , .... Fig. 330 SHtioTi (hrouih C*Mm»Dt 

deeper at one end oi the top rail than it Mmtinc siuo 

is at the other end, so that the water 

will flow away toward the side and be carried down to the sill, which 
will throw it outward. E is the stop bead inmiediately inside of the 
casement sash. B is the piece which forms the head of the case- 
ment frame, and is the same in outline as the pieces nhich form the 
jambs. On top of the piece B is the sill C of the transom frame, and 
the two are placed close together so as to form realh one solid tran- 





som. The sill piece is made with a wash on top, the slope of which 
should be about 2 inches to the foot, and on top of the sill piece comes 
the lower rail of the transom sash D. The piece F is a stop bead 
carried across the frame on the inside just above the sill piece for 
the transom sash to stop against in case it is hinged at the top to 
swing outward, or to receive the hinges in case it is hinged at 
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the bottMD to swing inward. IIk latter arm^fment is ibtt mOBt 
oommon one. Ute piece fonns the inmde finiah cl the tnutaom 
bar and may be treated in any w^ desired. 

MulUou. In fig. 333 is shown a doubleJnmg windov vbaA 
is in two parts with a mullicm between them. The mullion iB dwwn 
at A. Tlie window shown also has two transom sashes wi& a mul- 
lion between the sashes BB and the mullian at C. The mullious 
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o P«rM with MullioD BctwMo 



A and C are usually made 8 or 9 inches wide, so as to provide space 
for the weight boxes in the thickness of the mullion. Fig. 334 shows 
a section taken horizontally through the mullion A, with spaces 
for the weights at DD and with a strip E to separate the two wei^ 
boxes. FF are the two pulley stiles, made in the usual way as 
described above, with parting beads at GG and the sashes at BH. 
K is tho piece which forms the outside finish of the mullion and helps 
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to form the enclosed weight boxes, with the pulley stiles grooved 

into it as shown. The piece L forms the inside finish of the mullion 

and the inside wall of the 

weight boxes and may be 

made very plain or ver>- 

elaborate to suit the taste 

of the designer. It may be 

treated with sinkagesorwith 

raised moldings and varied 

to almost any extent. MM 

are the stop beads which 

hold in the sashes and ser\e also to cover the joint lietneen the 

pieces FF and the piece L. 

In Pig. 335 is shown a casement window with a mullion. The 
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mullion is seen at A. It will be noticed that it is much narrower 
than the mullion used in the case of the double-hung window shown 
la Fig. 333, the reason for this being that in the case of the casement 
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winduv there are no wrif^ts u* be uken care of and so there nrcd 

not be any weight l»scs m the thieknr^ of the mullion. 

BU are the c-ast^-ment sasties wbic-h arc in this ease GUcd witb 
leaiictl gla.-^. Tliev nhould be hinged at the sides to open invanl 
or outward »toppini; a^mtnst thr 
ni'iliion. Iti Fig. 33G is shuvn 
:i Ticction taken borizootalh 
l!in>ugh the mullion A. sfaowiii); 
its coQfitruction. The saahn 
utv sliown at CC and ai» 
intendi-d to ojwn out. TVy 
are p^iove<J to pn-veni the rain 
water from penetrating to the 
inside and are rabbcte<l so u<i to further keep out the weather. 
The mullion itself is slinwii at IK It Ls built up out of three pirns 
which may be molded to suit the taste, hut there must alwa>-s be a 
mbbel fi)r the sash to stop a^iiist. K is the piece which fonns thr 
insiidc finish of the mullion and FF are the su>p )>ead». 

Windows in Brick Walls. Windows in brick or other inaMinr>' 
walU are in ever>- respect similar to windows in frame waILt, the oaly 
difference being in the amiiigement of the jarnhv heatU, and aiUs, 
l''ig. 337 shows a seetJoti taken 
horizontally through the jamb of 
a douUc-hung window in a bride 
wall. At .1 is shown a section 
through the wall it--*Hf. It will 
be seen that there is a sort of 
rabbet made in the back part of 
the wall in which to set the win- 
dow fnmic, and tliat the froat 
[lortion of the wall projrcb in 
front of the frame. ThU is donp 
in tinier tliat there iiin>' be a 
eertain amomit of suHA tansoary 
which will enxer tlie joint between the wall and the fnnie and 
prevent the winil fnim driving in between them through this jotnl. 
The dislaniv li is tailed the "reveal" of the window, and is UMaUy 
made 4 inches, but iis wmetimes s inrlH-s. The depth of tlM 
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rabbet in which the frame sets may vary considerablj', but is 
usually 2 to 4 inches. 

From the face of the brick reveal to the face of the pulley stile D 
the distance C may be made an^i.hing, according to taste, but is 
best made about 2 inches. The pulley stile D is made in the same 
way as for windows in frame walls. E is the outside casing, which 
sets as dose as possible against the brickwork, and <7 is a piece 
called the "back lining," which forms the back of the weight box. 
In all other respects the construction is the same as described for 
windows in frame walls. At H is shonm an inside sash which can 
be put on in winter for additional protection against the cold. It 
is usually made as a casement sash to open in. As will be seen, it 
is hung on a rabbeted piece K, which also forms the jamb lining of 
the window on the inade and 
receives the inside architrave 
which is indicated at L. M is 
the furring on the inside of the 
brick wall and JV is the plaster- 
ing. The space b filled with 
rough blocking, and the space P 
should be well caulked with 
oakum, or other substance, to 
'keep out the cold. F \s & piece 
called a "brick mold" or some- 
times, « "staff bead," which is 
put in to cover up the joint, 

between the frame and the brick. It may be of any desired form, 
being sometimes made a simple square block or strip on which the 
window blinds are hung. 

Rg, 338 shows a section taken vertically through the head of 
a double-hung window in a brick wall. At .1 is the masonry lintel 
which covers the masonry opening. It is usually of stone. The 
distance B is the same as the distance B in Fig. 337 and the distance 
C is also the same as the corresponding distance in Fig. 337. D is 
the yoke, the same as for a window in a frame wall, with the outside 
casing E and the staff bead F. is the wood lintel which is usually 
placed behind the stone lintel over the masonry opening. This sec- 
tion also shows an inside or winter sash at //, the same as in Fig. 




236 CARPENTRT 

337, with the piece K atnmged to remve it uid also to ncave die 
edge of the inside architrave X. Jf is the fimiiig on the nuuonijr 
wall, and if is the kthing and plastering, the plastering bong cov^ 
ered by the ardiitrave L. 

fig. 339 shows a section taken vertically throu^ the aill of a 
double-hung window in a brick wall. ^ is the stone sU in the 
outside of the masoniy wall, and should be wide enou^ to talbead 
into the wall and under the wood all for enough to allow the 
latter to lap over it about 2 inches. The wood rill, shown at £, is 
usually made wide enou^ to receive the staff bead, so that the width 
of the stone rill needs to be about the same as the dq>th irfthe rcmil 
at the jambs, or the stone lintel at the head of the window, llie 
rill B rests, on the inride, on a juece at rouf^ tiiaber buQt into the 
wall, as shown at Z> m the figure. The s31 shoald have a 'Snah," 
or ak^ outward and downwizd, 
o< about UindMa to the foot In 
the figure, C is the lower tail erf 
the lower sash of the window, 
whidi must stop against the rill 
and he made tight in snne wqr. 
The figure shows both the rill 
and the sash rabbeted, but vay 
often the sash is not rabbeted. 
^' ^^^ia^B^ik'ilr.^uacEion"'''^' Th" picce E fonns the finish on 
the inside corresponding to the 
stop bead at the jambs and head, and serves to cover up the rough 
sill. The piece F also serves the same purpose. L is the rough brick 
wall with the furring at M and the plastering and lathing at A', 
and the space between the rough sill and the plastering is covered 
and finished by the piece G, or the stool. Underneath the stool is 
placed the apron, as shown in the figure at H. 

Outside Door Frames. Outside doors are usuaUy made heaviv 
and thicker than inside doors, and, therefore, the frames for than 
must be different from the frames for inside doors even in frame 
buildings, and in buildings of brick or stone they are necessarily 
different from the inside door frames on account of b^ng set in the 
masonrj' walls, while the inside door frames are usually set in wood 
walls. The interior partitions of large buildings, however, are fre> 
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quently made of terra cotta blocks or of plaster on wire lath, but 
the door frames which may be used in these cases are essentially 
the same as those used for openings in stud walls. 

The jambs and head of the frame, if in a building of wood con- 
struction, are usually made of plank from 1} inches to 2i inches 
thick. As the doors to private houses generally open inward, the 
frames must be rabbeted on the inside edge to receive the door, and 
should also be rabbeted on the outer edge to receive a screen door 
in sununer. The inner edge of the frame is set flush with the plaster 
line in the inside so as to receive an architrave, the same as in the case 
of a window frame. 




Fig. 340 shows an outside door frame for a wood building. AA 
are the studs which form the rough opening, the section being taken 
horizontatly through the door jamb. B is the outside boarding and 
C is the lathing and plastering which is carried on the inside of the 
studding. 

It will be seen that the frame E eictends in width from the out- 
side of the boarding to the inside of the plaster, and receives on its 
outer edge the outside casing F, and on its inner edge the inside archi- 
trave G. D isa ground for the plastering, and H is the door itself, 
fitting into a rabbet cut in the frame, about ^ inch deep and the 
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thickness of the door. K is the screrai door for iriaA * rabbet la eat 
in the outside edge of the frame. 

A ^milar arrangement is shown in Fig. 341. Iliae is no rabbet 
cut in the frame shown in this figure, the screen doctf being designed 
to hang on the edge of the outade casing, as incficated, the canng 
bang made thicker in order to recave the doOT. lliis figure is let- 
tered the same as Fig. 340. 

Hie section taken verticaUy throu^ the head of the door bame 
would be the same as the section tJirough the jamb, but the section 
taken through the sill would be different, fig, 3^ shows sudi a 
section. Here, A is the sill which fonns a part of the nni^ fram- 
ing of the building, and rests on the foundation walls, receiving the 
joists which are shown in the figure at fi. L is the line of the fiutnde 
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FiK. :<42. Section through Sill o! Fib ^-13. Aaothfi Type at Conalruc- 

Door Frame luju loc & Dooi SUI 

boarding, C is the under flooring, and D is the finished flooring. On 
top of the under flooring is placed the door sill E, which is cut out 
of plank about If to 2J inches thick, with a wash on the outside like 
a window sill, and with the top placed about { inch above the fin- 
ished floor so as to allow the door F to swing inward over any rug 
or carpet which may be laid on this floor. The sill is a littie wider 
than the distance from the inside of the inside architrave, to the 
outside uf tlie outside casing. The line H is the line of the pordi 
floor, if there is any porch, or there may be a step with the face as 
indicated by the line K. G represents a screen door. 

Fig. 343 shows another type of door sill which is more simple 
in construction and less expen^ve than that shown in Fig. 342. 
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Tnirt<^ of being shaped to receive the door, as i» the sill shown in 
¥lg. 342, it is cut square, with a slif;ht wash oiih-, and on top of it is 
placed a saddle under the door. In Fig. :)4;) A \n the rough sill of 
the framework resting on the foundation walls; BB arc hlocks to 
receive the ends of the flooring C on top of which is the finished floor- 
ing D. The top of the sill K is flush with the top of this finished 
flooring, and the saddle M covers the joint between the two, being 
beveled as shown at both sides. F is the iloor, and at G is the out- 
side screen door. As before, // is the level of the veranda, if there 
is one, and K is the face of the riser nf a step which may be placed 
under the sill on the outside. L is the line of the outside boarding. 
Inside Door Frames. Inside ilofir frames are in some respects 
amilar to the outside door frames described aljove, but as they are 
intended for the lighter interior d«H)rs, they arc not made so hea\-y 
as are the outside frames. Fig. 
344 shows a section taken hori- 
zontally through the jamb of an 
inteiior door frame, the same 
section also serving for a section 
through the head of the frame 
taken vertically since the two 
sections will be the same. In 
this figure, AA are the studs in 
tliis partition at the side of the 
dow opening, and forming the rough framing for the opiMiing. Uli arc 
the grounds for the plaster C to stop agEiin-tt, and these Krounils, of 
course, go all around the door o]>enin^, on both sides, luu) across ttie 
top. D is the finished door jamb, tlie head Ix'inn cxac'tl.\- the sunie 
in section. The jambs are usually niiult' I J inches thick, hiii some- 
times only I inch. F is the iloor it^.('ll'. shown I J inches thick, 
althou^ closet doors are fre<|iicnti.\' miidc of k'ss thickness than 
this, and some heavy doors might be tliickcr. At oiic side of the 
frame the door is hinged, the hinge being fiistcncd partly t" the edge 
ol the door, and partly to the frame, but at the otlicr siih' of the 
frame there must be something provided to rorni a stop t'nr tlic iloor. 
Here are several methods of applying tlic 'Sto])," nnc of wliieh is 
shown at E in the figure. It is t'astcried to tlic jamb, but is in the 
iaaa of a separate piece. The stop is carried all around the door 
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opening, and is usually set back from the edge of the jamb on both 
sides by an amount equal to the thickness of the door, so that the 
door can be hung at either edge of the jambs, or at either side of the 
partition. The final finish of the door opening is the "architrave" 
or "casin};," which is shown at GG. This must be at least wide 
enough to extend from the edge 
of the jamb over onto the plaster 
[ so lis to cover the joint entirely. 
\uothcr method of making the 
door frame is shown in Fig. 345. 
Here the frame is rabbeted to 
. form a place for the door, and 
' there is no need of a stop. Such a 
^ frame is usually made thicker 
than the one shown in Fig. 344. 
and is rabbeted to a depth of \ inch, and the thickness of the door. 
The principal objection to tliis method is that at the head of the 
door, which is rabbeted the same as is the jamb, the part of the 
frame which shows above the door itself is greater on one side of 
the door than it is on the other. Therefore, unless all the doors in 
a room open into that room, or all of them out from the room, they 
will not hne with each other at the head. For this reason it is 
better, to use some form of frame with a separate stop planted onto 
it, or a frame rabbeted on both sides. 

The lettering in Fig. 345 is the same as in Fig. 344, and need 
not be explained again. 

Tlie only finish about a door 
frame with the exception of the 
duor itself, is the architrave or 
the trim as it is sometimes 
called. It is also called casing. 
This is shown at G in Fig, 344. 
It may be made of any design 
desired, and as wide as desired, it being only necessary that it shall 
cover the plaster ground B, and project over onto the plaster C. 
The architrave is usually worked out of |-ineh stuff, but may be 
made thicker as necessary. Its thickness is determined by the thick- 
ness of the base or skirting in the room, which base or skirting 
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has to stop against the architrave at each side of the door 
opening. 

In Fig. 346, at A, is shown what is known as a "back band/' 
It goes behind the architrave, as shown, and is used when for any 
reason it is necessary to have the architrave set out from the face 
of the plaster. Its purpose is to cover up the joint between the 
architrave and the plaster surface. Of course it may be molded as 
desired. It is usually made | inch thick and as wide as necessary. 
In Fig. 346 B is the architrave, C the plavSter ground, D the lathing 
and plastering, EE the studding in the wall, F the door, G the jamb, 
and H the stop. It will be seen that the stop // is set into the 
jamb G. This makes a good, solid construction, but it is not often 
done on account of the trouble and expense involved. 

Doors. The construction of doors is essentially the same, 
whether they are to be used as outside or as inside doors, the only 
difference being in the thickness of the door and in the finishing of it. 
The most simple kind of door is, of course, a single piece of board, 
with hinges at the side, but this is almost never satisfactory for any 
purpose, as it is likely to warp, crack, and shrink, and has not sufR- 
dent strength. It is customary^ in every case to build up a frame 
of comparatively hea\y pieces and then to cover it over or to fill 
it in with lighter stuff in the form of panels. In such a framework 
for a door, the vertical pieces are called stiles, and the horizontal 
pieces are called rails. There are always at least two stiles and at 
least two rails, a stile at each side of the door, and a rail at top and 
bottom, but there may be more than two of each of these members. 
The stiles usually extend the full height of the door, from top to 
bottom, and the rails are tenoned into them. As mentioned above, 
the number of rails may be varied to suit the conditions, or the taste 
of the designer, so that the door will have many small panels, or a 
few larger ones. After the frame has been built up in this way, the 
door may be finished as desired, that is, with sunk panels in the 
spaces between the rails and stiles, or with the framework covered 
with sheathing on one or both sides so as to present a plain surface 
without panels. Most of the simple, heavy doors for use in incon- 
spicuous positions, such as doors for barns and outhouses, gates on 
walls, etc., are made with only one side covered with sheathing fas- 
tened to a rough frame. 
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Tfamr » DO diffinrit^ in fastntiog tiigrtlMT dv ample iknm 
just dncribnl. but wfam *r mwif ti> the paneM docn, tbm mr* 
vnTK- -[it-c-ial cH-thol^ in u?e fi^ fasiCTiini: thr rub mtD tbe stflet irl 
tFif ri>ni<T^, «hi< h Qiu>t be dt'^cnbed. TbcR ue abo apecMl wijs 
"f liuiMiii^ up the iDetnb<T> of whicti the doon UC OOOipcned, to 
jm-vfiit warjiiii;: aii^i twi-tinc- 

Iij Fit;. :i''X) i^ >honii the ni<'>t -simple t>i)e of door for use in A* 
int'-rior of a iniililiiie. It i- i-alktl a "four-|MUMl" ioor oo aoooMit 
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iij;irk<-<| ,) ill t)ii- fi^iirf. an- all made not less than 4) inches to width. 
'Ilir riiidillc ruil, iiiarkt-)! H, is uuule 8 inches wide, Mid the top ia3 C 
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the same as the stiles. The bottom rail, marked D, is made wider 
also, its width being about 10 inches. The panels are marked EE. 

Figs. 351 and 352 show other arrangements of panels which 
may be employed, but the sizes are all the same as in Fig. 350. Of 
course, the more cross rails there are between the top rail and the 
bottom rail, the stronger will be the door. 

The point of greatest interest in the construction of a door is 
the joint between the top rail C and the stiles AA. The rail is 
always tenoned into the stiles, the stiles continuing all the way up 
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to the top edge of the door, and this joint is never made as a mitered 
joint. Fig. 363 shows the tenon b,\' dotted lines. 

It will be seen that it does not go all the way through the stile 
of the door but should be stopixMd back about J inch, so as not to 
show on the edge of the door. 

Fig, 354 shows how a door slioiikl he constructed, the figure 
being a section taken through the stile of tlu- door. The entire 
piece is built up out of strips of pine | inch thick, and uf a wi<lth 
equal to the thickness of the door, minus \ inch for a veneering of 
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Ra»c or Skirtint. Tlie wiills nnd eeitinfri of rooms la 
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work nn- urdinarily finlshwi in plaster. Kven in the Hieapcst 
liowt'\er. there should be 
finish at the point when the floor and tbe 
»'hI1 nit-et, in order to stop tbe 
anil the finished flonring. Tbii 
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b almost invariably of wikmI. It 
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molded at the top, as shown at A in the figure. The finished flooring 
C passes under the base, in which case the flooring must be laid first, 
but the base may be set in place before the flooring is laid, and the 
flooring stop against it, in which case it is necessary to place a quarter- 
round molding, as shown at B in the figure, to cover the joint between 
the two. E is the plastering against which the base sets and DD 
are grounds of wood which are nailed to the studding or furring 
before the lathing and plastering are done, so as to provide something 
to which the base may be nailed. The base should not, however, be 
fastened at both top and bottom, as it is likely to crack if it does not 
have a chance to swell and move freely in one direction. The 
plastering may be carried down behind the place where the base is 
to go or not, as desired. If the plastering is carried down to the 
floor, a warmer building is obtained 
than would be the case if the plaster- 
ing were to be stopped at the top of 
the base. 

Fig. 366 shows how the base may 
be built up out of two pieces so as to 
save material, the upper part being 
taken out of thicker stuff than the 
Idwer part. If this base were made 
in one piece it would be necessary to 
take the entire member out of the 
thick stuff and waste material in the 
lower portion. In this manner it is pos- 
sible to build up the base in any shape desired, and to make it of as 
many pieces as seems advisable. A base may be made to any height 
up to 12 or 14 inches, but these heights are excessive for a base. If 
it is necessary to protect the wall up to a greater height tlian can be 
covered by means of a base, or if an ornamental effect is desired, a 
wainscot is used. 

Wainscoting. Whenever it is not desirable to carry the plas- 
tering down to the floor, for any reason, it is customary to make use 
of a wainscot, which is a covering of woodwork about 3 or 4 feet 
high, which either goes on top of the plaster or takes the place of the 
plaster on the inside of the room. Sucli a covering may be made 
tiigher, up to 6 or 7 feet, and it is then known as a "dado," but the 




Fig. 356. Section of Two-Piece 
Base 
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Fig. 357. V-Shaped Sheathing 



Fig. 358. Beaded Sheathing 




two names are very loosely used and are often confused, one with 
the other. 

The most simple kind of wainscot is composed of matched 

sheathing, which may be orna- 
mented by being beaded, or V- 
jointed, or center beaded. Fig. 
357 shows a section through a 
few pieces of V-shaped sheathing to illustrate the meaning of the 
term "V-joint." The sheathing is tongued and grooved and the 

narrow strips are set up vertically 

and matched together, but each 

strip has the sharp edges cut 

away on one side, so as to form 

in the finished work a V-shaped depression as shown at ^ in the figure. 

Fig. 358 shows a section taken horizontally through a portion 

of some beaded sheathing. This sheathing is tongued and grooved 

in the sam eway as is the other 
sheathing described above, but 
instead of being V-jointed as the 
other is, it has a bead worked on 
each piece on one edge only, as 
shown at A, This makes it more expensive than the 
V-jointed sheathing and much more expensive than plain 
tongued and grooved sheathing. 

Fig. 359 shows a section through some center beadini 
sheathing, where, in addition to the bead A worked on 
the edge of each piece, a bead or sometimes two beads, 
are worked in the center, as shown at B. 

Fig. 360 shows a section taken vertically through a 
simple wainscot composed of matched sheathing \\ith a 
base and a cap mold. The sheathing itself is shown at 
B, the plaster being at G, with the sheathing placed close 
against the plaster surface. At C is the base, with the top 
beveled to receive the sheathing. This method of 
receiving the sheathing on a beveled top to the 
base is the best, because dust and dirt will not 
then collect between the joints of the shenthing 
►siuipi. Waiu&coiiiig at the bottom, and whatever does collect there 



Fig. 359. Center-Beaded Shcathinj? 
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oan be easily cleaned away. At ^4, is shown tne cap molding 
^vrhich is grooved on the bottom to allow the sheathing to fit up into 
it. This cap mold runs the full length of the wainscot and stops 




Fig. 361. Horisontal Section through Another Kind of WainscoUng 

against the architraves around the windows, so that its projection 
can not be greater than the thickness of the architrave molding, 
and it should be about \ inch less than this thickness. 

In Fig. 361 is shown another kind of wainscoting, the section 
being taken horizontally through a portion of it. This form of 
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Fig. 362. Section Showing Paneled Fig. 363. Another Paneled 

Wainscoting Wainscoting 

wainscoting is more expensive than simple matched or beaded 
sheathing, but it is not so expensive as is paneled work. It consists 
of pieces called "battens/* as shown at C, with other thinner pieces 
grooved in between them, as shown at B. The battens may be 
J inch or 1^ inches in thickness, while the panels are usually made 
\ inch thick. The width of the various pieces depends upon the 
design of the wainscoting which can be altered to suit the taste of 
the designer. 

Fig. 362 shows the joint between the panels and the battens in 
simple paneled wainscoting. In this case, the battens C are grooved 
as in Fig. 361 and the panels jB are ex, r 

tongued into them. 



In Fig. 363 IS shown a better way 
to fasten in the panels B, the piece .1 fik. 364 stiii Another Form of 

t . ^ « ,1 1 1 ^1 Wainscot Pancliug 

being separate irom the panel and the 

batten^ but the molding is still a part of the batten C itself. 

Fig. 364 shows a form of paneling where both the molding D 
on the face and the piece A on the back are separated, and the batten 
C is cut with a rabbet to receive the molding on the face so that it 
will not extend too far on the face of the panel /i, in which case it is 
likely to curl up a little at the edge and become separated from the 
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Ib dimag toons and ia aotat otber nxims it is ciiatoniaiy i 
cany the waittseotiiig to a bei^ of a or 6 fret f itMn the flrar and b 
thb case it is asoalt' c^iped with a member called a "plate rail.** 
¥ig. 365 Aawi a section taken vefticaD}' thnugb saA a jdate nH. 
The wainaootiDg or dulo A stops underneath the blocking C, sod 
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n ttutlitnl piece fi is pliintcd onto the (art of the IdoclntiK to fi 
fiiiisli. The projection of the rail fntm the wall is alwut .1) imjm. 
Wood Cornices. In nuinv caacs tlxr onl%' ponion of ihc cornice 
nmund a room which i* made of wood, U the picture moldini. which 
is a small mi>ldiii)c t<i the top of which jHcture hooks may bv faiitiwri 
Fig. 3ti6 afauws wvcral forms which such a molding may take. 
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When it is desired to have the entire cornice in wood, it should 
be built up out of comparatively thin pieces, say {-inch stuff, and 
these thin pieces should be blocked out with rough blocking to the 
extent desired. In Fig. 367, A, B, and C are furring strips placed 
about 2 feet apart and the shaded portions represent the pieces out 
of which the cornice is built up. 

Wood Cefling Beams. It is often necessary or desirable to have 
beams showing in the ceiling of certain rooms, and these beams may 
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be either true or false, that is, they m&y he either an ornamental 
covering for beams which reall,\' exist, or they may be entirely orna- 
mental, enclosing nothing which forms part of the real construction 
of the building. 

Fig. 368 shows how a steel beam may be covered and ornamented 
so as to give a finished appearance in wood in the ceiling. AA are 
the floor joists, and B is the steel beam. C is the line of the finished 
floor above, and D is the line of the finished coiling. E is the finish 
of the ceiling beam, and /" is a little molding to cover the joint 
between the plaster and the wood. 

In case the beams are false, they are constructed in the same 
way except that the shell is filled in with blocking to take the place 
of the real beam shown in Fig. 3(iS. 

Staircase Finish. The suhjtTt of stair building, including the 
finishing of staircases, is complcfoly ci)\ercd in the article entitled 
"Stair Building." 
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STAIR-BUILDING 



Introductoiy. In the following instructions in the art of Stair- 
building, it is the intention to adhere closely to the practical phases 
of the subject, and to present only such matter as will directly aid 
the student in acquiring a practical mastery of the art. 

Stair-building, though one of the most important subjects con- 
nected with the art of building, is probably ihe subject least under- 
stood by designers and by workmen generally. In but few of the 
plans that leave the offices of Architects, are the stairs properly laid 
down; and many of the books that have been sent out for the purpose 
of giving instruction in the art of building, have this common defect — 
that the body of the stairs is laid down imperfectly, and therefore 
presents great difficulties in the construction of the rail. 

The stairs are an important feature of a building. On entering 
a house they are usually the first object to meet the eye and claim 
the attention. If one sees an ugly staircast*, it will, in a measure, 
condemn the whole house, for the first impression prodiu^wl will 
hardly afterwards be totally eradioatwl by commendable features 
that may be noted elsewhere in the building. It is extremely im|K)rtant, 
therefore, that both designer and workman shall see that staircases 
are properly laid out. 

Stairways should l)e commodious to ascend — inviting people, 
as it were, to go up. When winders are used, they should extend 
past the spring line of the eylinder, so as to give pmjHT width at 
the narrow end (see Fig. 72) and bring t\\v rail there as nearly as 
possible to the same pitch or slant as the rail ovi^r the sfjuare steps. 
When the hall is of sufficient width, the stairwav should not 1h' less 
than four feet wide, so that two peoj)le can convenii^ntly pass each 
other thereon. The height of riser and width of tread are governe<l 
by the staircase, which is the space allowtnl for the stairway; but, 
as a general rule, the tread should not W less tlian nine inches wide, 
and the riser should not Ix) over eight inches high. Seven-inch riser 
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Fig- !• Illustrating Rise, Run, and 
Pitch. 



2 STAIR-BUILDING 

and eleven-inch tread will make an easy stepping stairway. If yoa 
increase the width of the tread, you must reduce the height of the riser. 
The tread and riser together should not be over eighteen indies, 
and not less than seventeen inches. These dimensions, however, 
cannot always be adhered to, as conditions will often compel a devia- 
tion from the rule; for instance, in large buildings, such as hotels^ 
railway depots, or other public buildings, treads are often made 18 

inches wide, having risers of from 
2^ inches to 5 inches depth. 

Definitions. Before pro- 
ceeding further with the subject, 
it is essential that the student 
make himself familiar with a few 
of the terms used in stair-building. 
The term rise and run is 
often used, and indicates certain 
dimensions of the stairway. Fig. 
1 will illustrate exactly what is 
meant; the line A B shows the run, or the length over the floor the 
stairs will occupy. From B toC is the rise, or the total height from 
top of lower floor to fop of up|XT floor.* The lino D is the pitch or 
line of noifingSy showing the angle of inclination of the stairs. On 
ihv throe lines shown — the riiny the r/.vr, and the pitch — depends 
the whole system of stair-huilding. 

The hodi/ or sfairca^sr is the room or space in which the stairway 
is containcHl. This may l^e a space including the width and length 
of th(^ stairway only, in which case it is called a close stairwayy no rail 
or l>alust(T being necessary. Or the stain^'ay may l>e in a large 
apartment, such as a j)assage or hall, or even in a large room, openings 
l>oing loft in tho upp<T floors so as to allow road room for pi»rsons on 
tlio stairway, and to furnish communication between the staim'avs 
and th(» (iiiVoront storios of tho building. In such cases we have what 
arc known as ()pfn .sfalnrays, from the fact that they are not closed 
on both si(l(\s, tlit* sto[)s sliowing thoir ends at one side, while on the 
otlior >!(!(' thoy aro ;r(Miorally placed agjiinst the wall. 

Sometimes stairways aro loft ojhmi on lx)th sides, a practice not 

♦Nm E.- Tin- measure fnr the riso <»f a stairway must always be taken from the top 
(if oiH- tJiior l«> the f"p of ihr in-.v. 
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uncommon in hotels, public halls, and steamships. When such stairs 
are employed, the openings in the upper floor should be well trimmed 
with joists or beams somewhat stronger than the ordinary joists used 
in the same floor, as will be explained further on. 

Tread. This is the horizontal, upper surface of the step, upon 
.which the foot is placed. In other words, it is the piece of material 
that forms the step, and is generally from 1} to 3 inches thick, and 
made of a width and length to suit the position for which it is intended. 
In small houses, the treads are usually made of |-inch stuff. 

Riser. This is the vertical height of the step. The riser is gen- 
erally made of thinner stuff than the tread, and, as a rule, is not so 
heavy. Its duty is to connect the treads together, and to give the 
stairs strength and solidity. 

Rise and Run. This- term, as already explained, is used to indi- 
cate the horizontal and vertical dimensions of the stairway, the rise 
meaning the height from the top of the lower floor to the top of the 
second floor; and the run meaning the horizontal distance from the 
face of the first riser to the face of the last or top riser, or, in other 
words, the distance between the face of the first riser and the point 
where a plumb line from the face of the top riser would strike the floor. 
It is, in fact, simply the distance that the treads would make if put 
side by side and measured together — without, of course, taking in 
the nosings. 

Suppose there are fifteen treads, each being 11 inches wide; 
this would make a run of 15 X 11 = 165 inches = 13 feet 9 inches. 
Sometimes this distance is called the going of the stair; tliis, however, 
b an English term, seldom used in America, and when used, refers 
as frequently to the length of the single tread as it does to the run of 
the stairway. 

String-Board. This is the board forming the side of the stairway, 
connecting with, and supporting the ends of the steps. \Vhere the 
steps are housed, or grooved into the board, it is known by the term 
housed siring; and when it is cut through for the tread to rest upon, 
and is mitered to the riser, it is known by the term cut and miiered 
string. The dimensions of the lumber generally used for the purpose 
in practical work, are 9^ inches vndth and | inch thickness. In the 
first-class stairways the thickness is usually 1 J inches, for both front 
and wall strings. 
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Fi^. 2 sliows tho manner in which most stair-builders put thdr 
risers and treads to^'ther. T and T show the treads; R and JB, the 

risers; S and S, the string; O and O, the 
cove mouldings under the nosings X and 
.v. B and li show the blocks that hold 
the treads and risers together; these 
blocks should {)e from 4 to 6 inches 
lon^, and made of very diy wood; their 
section may bt* from 1 to 2 inches square. 
On a tread 3 fi^et long, three of these 
blocks should he used at about equal 
distances apart, putting the tw^o outside 
ones iibout () inches from the strings. 
They are glueil up tight into the ang^ 
First warm thi» blocks; next coat two adjoining sides with good, strong 
glue; then put them in position, and nail them firmly to lx)th tread 
and risi»r. It will Ih» noticed that the riser has a lip on the upper 
cH|t;c, which «»iitiTs into a groove in the trt»a<l. This lip is genendly 




Flir 1. ('•iinuionM«'th«Kl nf Join- 
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;ii)()Ut s" iiH'li l«)iij/. ami iiiav Ik* ^ incli or '. inch in thickness. Cart' 
mu-^t Im' iak«'ii in ircitiiiij: luit tli<' rix-rs. that thcv shall n<»t Ik* niailt* 
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too narrow . a> allowance nni'-t l»«' made for the lip. 

It" the ri-er 1^ a lililc io«) wide, this will do no harm, a> the o\\r- 
widlli mav liaii:^ (l'»w n lielow llic iread; but it must Ik^ cut the e\acl 
width wlirre ii n-l - on the ^(riiii:. The treails must be UKuIe ihc 
exact wi'llli r«<jnircil. Iietun- ihcy arc iiroovcMl or havo tlu" nc»Mn^ 
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Fig. 6. Side Elevation of Finish 

ed Steps with Return 

Nosings and Ck)ve 

Moulding. 



worked on the outer edge. The lip or tongue on the riser should fit 
snugly in the groove, and should hottom. By following these last 

instructions and seeing that the blocks are 
well glued in, a good solid job will be the 
result. 

Fig. 3 is a vertical section of stair 
steps in which the risers are shown 
tongued into the under side of the tread, 
as in Fig. 2, and also the tread tongued 
into the face of the riser. This last 
method is in general use throughout the 
country. The stair-builder, when he has 
steps of this kind to construct, needs to 
be very careful to secure the exact width 
for tread and riser, including the tongue on each. The usual 
method, in getting the parts prepared, is to make a pattern show- 
ing the end section of each. The millman, with these patterns 
to guide him, will be able to run the material through the machine 
without any danger of leaving it either too wide or too narrow; while, 
if he is left to himself A^ithout patterns, he is liable to make mistakes. 
These patterns are illustratwl in Figs. 4 and 5 respectively, and, as 
sho\*Ti, are merely end sections of riser and tread. 

Fig. 6 is a side elevation of the steps as finisrod, with return 
nosings and cove moulding complete. 

A front elevation of the finished step 
is shown in Fig. 7, the nosing and riser 
returning against the base of the newel post. 
Often the newel post projects past the 
riser, in front; and when such is the cast*, 
the riser and nosing are cut square against 
the base of the newel. 

Fig. 8 shows a portion of a cut and 
mitered string, which will give an excellent 
idea of the method of construction. The 

letter O shows the nosing, F the return nosing with a bracket termi- 
nating against it. These brackets are about ^^^j- inch thick, and are 
planted (nailed) on the string; the brackets miter with the ends of 
the risers; the ends of the brackets which miter with the risers, are 





Fig. 7. Front Elevation of 
Finished Steps. 
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Fls- S. PoMIon of • Cat and IDunNl 

Strlna. Sbonins KaUuid ot 

conatraGiliic Sttln. 



to be the same hd^ aa the riaer. The lower enLi of two bahi» 

ters aie shown at 6 G; and the dovetuls or mortises to rexxxn these 

are shown at E E. Genially two balusteis are placed on eacii 
tread, as shown; but there are some- 
times instances in whidi three are used, 
while in others only one baluster is 
made use of. 

An end portion of a cut and 
mitered string is shown in FSg. 0, widi 
part of the string taken away, show- 
ing the earriage-^a. rough piece a( 
lumber to whidi the fioisbed string is 
nailed or otherwise fastened. At C it 
^own the return nosing, and die inaD- 
ner in which the woric is finished. A 
rou^ bracket is sometimes nailed on 

diecarriage, as shown at7);tosupport1he tread. The bolusten an 

shown dovetailed into the ends of the treads, and are dther glued oi 

nailed in place, or both. On the lower edge of string, at S, is a letura 

bead or moulding. It will be noticed that the tou^ carriage is evf tn 

snugly against the floor joist. 
Fig, 10 is a plan of the portion 

of a stainvay shown in Fig. 9, 

Here the position of the string, 

bracket, riser, and tread can be 

seen. At the lower step is shown 

how to miter the riser to the 

string; and at the second step is 

shown how to miter it to the 

bracket. 

Fig. 1 1 shows a quick method 

of marking the ends of the treads 

for the dovetails for balusters. 

The templet A is made of some 

thin material, preferably zinc or 

hardwood. The dovetails are outlined as shown, and the interveniif 

portions of the material are cut away, leaving the dovetail portions 

solid. The templet is then nailed or screwed to a gauge-blodi E, 




Fig. 9. ^EDd Portion ot Cut and UH«nd 

Slrinic. wicli Pari, Kemoved to 

Show CuTU«e. 




Fl(. la Plan of Ponton of Stair. 
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when the whole is ready for use. The method of using is clearly 
indicated in the illustration. 

Strings. There are two main kinds of stair strings — wall strings 

and cut strings. These are divid- 
ed, again, under other names, as 
housed strings, notched strings, 
staved strings, and rough strings. 
Wall strings are the supporters 
of the ends of the treads and 
risers that are against the wall; 
these strings may be at both ends of 
the treads and risers, or they may be at one end only. They may be 
housed (grooved) or left solid. When housed, the treads and risers 
are keyed into them, and glued and blocked. When left solid, they 
have a rough string or carriage spiked or screwed to them, to lend 
additional support to the ends of risers and treads. Stairs made after 
this fashion are generally of a rough, strong kind, and are especially 
adapted for use in factories, shops, and warehouses, where strength 
and rigidity are of more importance than mere external appearance. 
Open strings are outside strings or supports, and are cut to the 
proper angles for receiving the ends of 
the treads and risers. It is over a string 
of this sort that the rail and balusters 
range; it is also on such a string that al 
nosings return; hence, in some localities, 
an open string is known as a return string. 
Housed strings are those that have 
grooves cut in them to receive the ends of 
treads and risers. As a general thing, wall strings are housed. The 
housings are made from f to J inch deep, and the lines at top of tread 
and face of riser are made to correspond with the lines of riser and 
tread when in position. The back lines of the housings are so 
located that a taper wedge may be driven in so as to force the tread 
and riser close to the face shoulders, thus making a tight joint. 

Rough strings are cut from undressed plank, and are used for 
strengthening the stairs. Sometimes a combination of rough-cut 
strings is used for circular or geometrical stairs, and, when framed 
together, forms the support or carriage of the stairs. 




Fig. 11. Templet Used to Mark 

Dovetail Cuts for 

Balusters. 
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Staivd sirln^n arc built-up strings, and arc ronipoMnl u( aanu* 
pieces gliiei), nailer], or bolted together so as lo form a portioD o{ * 
cylinder. These are sometimes used for cirrular stain, thou^ in 
ortlinary practice the circular part of ti stntig is a part of the n«iD 
string bent around a eylinder to give it tlic ri^t cur\e. 

Notched sirintfs are strings that carr^- only treads. Thtr iK 
generally somewhat narrower than the treads, and are IxMisnl aciwi 
tlicir entire width. A sample of this kind of string is the side a( * 
rommon step-ladder. Strings of this sort are used cfaiefty in ccUuh 
or for steps intended for similar purposes. 

Setting Out Stairs. In setting out stairs, the first thing lo dais 
ascertain the locations of the first and last ri»ent, wit}i tlie hn^t 
of the story wherein the stair is lo be placed. These points sboukl bt 
marketl out, and the distance between them dividn) uff cquall]', 
^ving the number of steps or trcatls tvquired. SuppOK we ban 
lietween these two points 15 feet, or ISO inche.4. If wr make oar 
treads 10 inches wide, wc shall have IS treads. It must be remmtbeml 
that the number of risen u always otie more than the number of trradt, 
90 that in tlie etise Itefore us tliere will lie 19 risers. . 

The height of the »toi^' is next to W exactly determtiMd, being 
taken on a rod. Then, assuming a height of riser suitable to ibr places 
we ascertain, by division, how often this height of riser is contained 
in the hei^t of the story; tlic quotient, if tlieiv is tw mnatodef, 
will be the nunilxT of riu-rs in the .<«tory. Should lltcrr tw a mnainlH' 
on the first division, Ihcopcnition is reversed, the number of iocjws 
in the height iK-ing made the dividend, anil the ln-fort^fiHitid quotient, 
the divisor. The resulting <|Uotient will indicate an nnwiunt In be 
added to the funner a.'««nnietl height of riser for a new trial brigbt. 
The remainder will now be less Ihan in the former dinsion; Mkl if 
necessary, the operation of rt^luelioo by division is rrpnUodj 
tlie height of the riser is obtained lo the thirly-seconl part at 
These heights niv tlien set off on the stoty md a.* exactly 

The ttory rod is simply a dnsscil or pliuied poJc, ciit lo 

tlv corresponding lo tlie hei^l from the top of the hiwcr 

to the lop of llie next Boor. Let t-s suppoar thb licighl lo he 11 tew* 

inch, or 133 inches. Now, we have 19 risers lo place in tbb sfmn, 

ble us to get upstairs; lben:foi'. if wc diviile 133 by 19, we 

get 7 williout any rrtiiainder. Scxin inchrs will tbcfefiae \m Al 
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width or height of the riser. Without figuring this out, the workman 
may find the exact width of the riser by dividing his story rod, by 
means of pointers, into 19 equal parts, any one part being the proper 
width. It may be well, at this point, to remember that the first riser 
must always be narrower than the others, because the thickness of the 
first tread must be taken off. 

The width of treads may also be found without figuring, by 
pointing off the run of the stairs into the required numlx?r of parts; 
though, where the student is qualified, it is always better to obtain 
the width, both of treads and of risers, by the simple arithmetical 
rules. 

Having determined the width of treads and risers, a pitch-board 
should be formed, showing the angle of inclination. This is done by 
cutting a piece of thin board or metal in the shape of a right-angled 
triangle, with its base exactly equal to the run of the step, and its 
peipendicular equal t9 
the height of the risQr. 
It is a general maxin^i, 
that the greater the 
breadth of a step or tread , 
the less should be the 
height of the riser; and, 
conversely, the less the 
breadth of a step, the 
greater should be the 
height of tlie riser. The 

proper relative dimensions of treads and risers may be illustrated 
graphically, as in Fig. 12. 

In the right-angle triangle ABC, make A B equal to 24 inches, 
and B C equal to 11 inches — the standanl proportion. Now, to find 
the riser corresponding to a given width of tread, from B, set off on 
A B the width of the tread, as B D; and from 7), erect a perpendicular 
D Ef meeting the hypotenuse in E; then D E is the height of the riser; 
and if we join B and E, the angle D B E \s the angle of inclination, 
showing the slope of the ascent. In like manner, where B F is the 
width of the trearl, F G is the riser, «in(l B G the slope of the stair. 
A width of tread B H gives a riser of the height of II K; and a width 
of tread equal toB L gives a riser equal to L M 




Fig. 12. Graphic Illustration of I^roportlonal Dlmen- 
slous of Treads and Risers. 
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In the opinion of many builders, however, a better scheme of 
proportions for treads and risers is obtained by the following method: 

Set down two sets of numbers, each in arithmetical progression— 
the first set showing widths of tread, increasing by inches; the other 
showing heights of riser, decreasing by half-inches. 



Treads, Inches 


Risers, I.>fCHES 


5 


9 


6 


81 


7 


8 


8 


"1 


9 


•* 


10 


6* 


11 


6 


12 


5J 


13 


5 


14 


4J 


15 


4 


16 


3i 


17 


3 


18 


2i 



It will readily be seen that each pair of treads and risers thus obtained 
is suitably proportioned as to dimensions. 

It is seldom, however, that the proportions of treads and risers 
are entirely a matter of choice. The space allotted to the stairs usually 
determines this proportion ; but the above will be found a useful stand- 
ard, to which it is desirable to approximate. 

In the better class of buildings, the number of steps is considered 
in the plan, which it is the business of the Architect to arrange; and 
in such cases, the height of the story rod is simply divided into the 
number required. 

Pitch-Board. It will now \ye in order to describe a pitch-board 
and the manner of using it; no stairs can be properly built without 
the use of a pitch-board in some form or other. Properly speaking, 
a pitch-board, as already explained, is a thin piece of material, 
generally pine or sheet metal, and is a right-angled triangle in outline. 
One of its sides is made the exact height of the rise; at right angles 
with this line of rise, the exact width of the tread is measured off; 
and the material is cut along the hypotenuse of the right-angled 
triangle thus formed. 

The simplest method of making a pitch-boanl is by using a steel 
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Fig. 18. Steel Square Used as a Pitch 

Board in Laying Out Stair 

String. 



square, which, of course, every carpenter in this country is supposed 
to possess. By means of this invaluable tool, also, a stair string can 
be laid out, the square being applied to the string as shown in Fig. 13. 

In the instance here illustrated, the 
square shows 10 inches for the 
tread and 7 inches for the rise. 

To cut a pitch-board, after the 
tread and rise have been deter- 
mined, proceed as follows: Take 
a piece of thin, clear material, and 
lay the square on the face edge, as 
shown in Fig. 13. Mark out the 
pitch-board with a sharp knife; then cut out with a fine saw, and 
dress to the knife mark3; nail a piece on the largest edge of the pitch- 
board for a gauge or fence, and it is ready for use. 

Fig. 14 shows the pitch-board pure and simple; it may be half 
an inch thick, or, if of hardwood, may be from a quarter-inch to a 
half-inch thick. 

Fig. 15 shows the pitch-board after the gauge or fence is nailed on. 
This fence or gauge may be about IJ inches wide and from f to f 
inch thick . 

Fig. 16 shows a sectional view of the pitch-board with a fence 
nailed on. 

In Fig. 17 the manner of applying the pitch-board is shown. 
RRRis the string, and the line A shows the jointed or straight edge 
of the string. The 
pitch-board P is 
shown in position, the 
line 8J represents the 
step or tread, and the 
line 7f shows the line 
of the riser. These 
two lines are of course 

at right angles, or, as the carpenter would say, they are square. 
This string shows four complete cuts, and part of a fifth cut for 
treads, and five complete cuts for risers. The bottom of the string 
at W is cut off at the line of the floor on which it is supposed to 
rest. The line C is the line of the first riser. This riser is cut lower 





r 



J 



Fig. 14. 



Fig. 15. 



Fig. IG. 



Showing How a Pitch-Board is Made. 

Fig. 15 shows gauge fastened to long edge: Fig. 16 is a 

sectional elevation of completed board. 
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than any of the other risers, because, as above explained, the thick- 
ness of the first tread is always taken off it; thus, if the tread is IJ 
inches thick, the riser in this case would only require to be 6} inches 
wide, a^ 7| — IJ = 6 J. 

The string must be cut so that the line at W will be only 6J 
inches from the line at 8 J, and these two lines must be parallel. 
The first riser and tread having been satisfactorily dealt with, the 
rest can easily be marked oflf by simply sliding the pitch-board along 
the line A until the outer end of the line 8J on the pitch-board 
strikes the outer end of the line 7} on the string, when another tread 
and another riser are to be marked off. The remaining risers and 
treads are marked off in the same manner. 

Sometimes there may be a little diflSculty at the top of the stairs, 

in fitting the string to the 

A ^ ^^ trimmer or joists; but, as it 

is necessary first to become 
expert with the pitch-board, 
the method of trimming the 
wellor attaching the cylinder 
to the string will be left until other matters have been discussed. 

Fig* 18 shows a portion of the stairs in position. S and S show 
the strings, which in this case are cut squart^* that is, the part of the 
string to which the riser is joined is cut square across, and the butt or 
end wood of the riser is seen. In this case, also, the end of the tread 
is cut square off, and flush with the string and riser. Both strings 
in this instance are open strings. Usually, in stairs of this kind, the 
ends of the treads are rounded off similarly to the front of the tread, 
and the ends project over the strings the same distance that the front 
edge projects over the riser. If a moulding or coi^e is use<l under the 
nosing in front, it should be carried round on the string to the back 
edge of the tread and cut off square, for in this case the back edge of 
the tread will be square. A riser is shown at R, and it will be noticed 
that it nnis down behind the tread on the back edge, and is either 
nailed or screwed to the tread. This is the American practice, though 
in England the riser usually rests un the tread, which extends clear 
hack to string as shown at the top tread in the diagram. It is much 
better, however, for general purposes, that the riser go l>ehin(l the 
tread, as this tends to make the whole stainvay much stn^nger. 



Fig. 17. Showing Method of Using Pitch-Board. 
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Fig. 18. Portion of Stair in Position. 



Housed strings are those which cany the treads and risers without 
their ends being seen. In an open stair, the wall string only is housed, 
the other ends of the treads and risers resting on a cut string, and the 

nosings and mouldings 
being returned as be- 
fore described. 

The manner of 
housing is shown in 
Fig. 19, in which the 
treads T T and the 
risers -R -R are shown 
in position, secured in 
place respectively by 
means of wedges X X 
and F F, which should 
be well covered with 
£ood glue before insertion in the groove. The housings are 
generally made from i to | inch deep, space for the wedge being cut 
to suit. 

In some closed stairs in which there is a housed string between the 
newels, the string is double-tenoned into the shanks of both newels, 
as shown in Fig. 20. The string in this example is made 12} inches 
wide, which is a very good width 
for a string of this kind ; but the 
thickness should never be less than 
1 finches. The upper newel is made 
about 5 feet 4 inches long from drop 
to top of cap. These strings are 
generally capped with a subrail of 
some kind, on which the baluster, 
if any, is cut-mitered in. Generally 
a groove, the width of the square 
of the balusters, is worked on the 
top of the subrail, and the balusters are worked out to fit into this 
groove; then pieces of this material, made the width of the groove 
and a little thicker than the groove is deep, are cut so as to fit in 
snugly between the ends of the balusters resting in the groove. This 
makes a .solid job; and the pieces between the balusters may be mad(i 




x;^ 



Fig. 19. Showing Method of Housing 
Treads and Risers. 
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of any shape on top, either bevel«l, rounded, or moulded, in wtndi 
case much is a<klod to tlie appearance of the stain. 

Fig. 21 exhibits the method of attaching the rail and string lo 
the boKom newel. The doUed lines 
indicate the form of the tenons cut to 
fit the mortisen made in the newel to 
receive them. 
Fig. 22 shoirs how the strii^ 




n 



against the newel at tlie top; 

also the trimmer E, to which tlie 

newel post is fiistened. The 

string in this case is tenoned into 

the upper newel post the same m 

way as into the lower one. ' 

The open string sliown in Fig. 33 is a p 
nf n finished string, showing nosings and am 
relumed and finishing against the face of lite 
siring. Along tlie lower edge of the string ia 
shown a bead or moulding, where the plaster 
is finished. 

A portion of a stair of (he belter daaa b 
shown in Fig. 2). This in an open, bmekrlrd 
string, with relumed nosings and coves and 
scroll brackets. These brarkelsnrr made about 
i inch tliick, and may be in anydeairaUe pat- 
1cm. The end next the ri.ierxhould bemitcnrd 
to suit; this will require the riser to be | indt 
longer than the face of the string. Tlie upper 
part of the bracket should run umler the cove 
moulding; and the tivail sltoukl pnijert nrtr 
the string the full i iudi, so as to c 
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bracket and make the fpce even for the nosing and the cove mouMing 
to fit snugly against Jie end of the tread and the face of the bracket. 
Great care must be taken about this point, or endless trouble will 

follow. In a bracketed 
stair of this kind, cdre 
must be taken in plac- 
ing the newel posts, 
and provision must be 
made for the extra f 
inch due to the brack- 
et. The newel post 
must be set out from 
the string f inch, and 
it will then align with 
the baluster. 
We have now de- 
scribed several methods of dealing with strings; but there are still a 
few other points connected with these members, both boused and 
open, that it will be necessary to explain, before the young work- 
man can proceed to build a fair flight of stairs. The connection of 
the wall string to the lower and upper floors, and the manner of 
aflSxing the outer or cut string to the upper joist and to the newel, 




Fig. 82. Conneotlons of String and Trimmer at Upper 

Newel Post. 




Fig. 8S. Portion of Finished String, 
Showing Returned Nosings 
and Coves, also Bead 
Moulding. 




Fig. 24. Portion of Open, Bracketed 
String Stair, with Returned Nos- 
ings and Coves, Scroll Brack- 
ets, and Bead Moulding. 



are matters that must not be overlooked. It is the intention to show 
how these things are accomplished, and how the stairs are made 
strong by the addition of rough strings or bearing carriages. 
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Fig. K. Side Bleratton of Pitft of 
Stair with Open, Cat waA 
Mitered String. 



Fig. 25 gives a side view of part of a stair of the better dass, widi 
one open, cut and miteied string. In Fig. 26, a plan of this same stair- 
way, W S shows the wall string; A S, the rough string, placed there 

to give the structure stmig&; and 
S/the outer or cut and mitered string. 
At A A theends of the risers are shown, 
and it will be noticed that they are 
mitered against a vertical or riser line 
of the string, thus preventing the end of 
the riser from being seen. Ilie other 
end of the riser is in the housing in the 
wall string. Tlie outer end of the tread 
is also mitered at the nosing, and a jnece 
of material nmde or woriced like the 
nosing is mitered against or returned at the end of the tread. 
The end of this returned piece is again returned on itself back to the 
string, as shown at iST in Fig. 25. Tlie moulding, which is JHUidi 
cove in this case, is also returned on itself back to the string. 

The mortises shown siB B B B (Fig. 26), are for the balusters. 
It is always the proper thing to saw the ends of the treads ready for 
the balusters before the treads are attachM to the string; then, when 
the time arrives to put up the rail, the back ends of the mortises can 
be cut out, when the treads will 
be ready to receive the balusters. 
The mortises are dovetailed, and, 
of course, the tenons on the balus- 
ters must be made to suit. The 
treads are finished on the bench; 
and the return nosings are fitted 
to them and tacked on, so that 
they may be taken oflF to insert 
the balusters when the rail is being 
put in position. 

Fig. 27 shows the manner in 
jv'hich a wall string is finished at the foot of the stairs. S shows the 
string, with moulding wrought on the upper edge. This moulding 
may be a simple ogee, or may consist of a number of members; 
or it may be only a bead; or, again, the edge of the string maybe 




Fig. 28. 



Plan of Part of Stair Shown ir. 
Fig. 25. 
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Fig. 27. Showing How Wall String is Fin- 
ished at Fool of Stair. 



Ieftquiteplain;this will be regulated in great measure by the style of 

finish in the hall or other part of the house in which the stairs are 

placed. B shows a portion of a baseboard, the top edge of which 

has the same finish as the top edge of the string. B and A together 

show the junction of the string 
and base. F F show blocks 
glued in the angles of the steps 
to make them firm and solid. 
Fig. 28 shows the manner 
in which the wall string S is 
finished at the top of the stairs. 
It will be noticed that the 
moulding is worked round the 
eas€*-off at ^ to suit the width 
of the base at B. The string 
is cut to fit the floor and to 

butt against the joist. The plaster line under the stairs and on the 

ceiling, is also shown. 

Fig. 29 shows a cut or open string at the foot of a stairway, and 

the manner of dealing with it at its junction with the newel post K, 

The point of the string should 

be mortised into the newel 2 

inches, 3 inches, or 4 inches, 

as shown by the dotted lines; 

and the mortise in the newel 

should be cut near the center, 

so that the center of the balus- 
ter will be directly opposite 

the central line of the newel 

post. The proper way to 

manage this, is to mark the . 

central line of the baluster on 

the tread, and then make this 

line correspond with the central line of the newel post. By careful 

attention to this point, much trouble will be avoided where a turned 

cap is used to receive the lower part of the rail. 

The lower riser in a stair of this kind will be somewhat shorter 

than the ones above it. as it must be cut to fit between the newel aoJ 




Fig. 28. Showing How Wall String is Fin- 
ished at Top of Stair. 
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the wall strJTg. A portion of the tread, as well as of the rt§e'". will 
also butt against the newel, as shown at If. 

If there is no spandrel or wall under tlie open slriiif;, it n»«y 
run down to the floor as shown by the dotted line at 0, The piece 
is glued to the string, and the moulding is worked on the rur^'r. 
If thereia a wall under the string S, then the base B, shown by the 
dotted lines, will finish against the string, and it should have a mould- 
ing on its upper e:lge, the same as that on the lower edge of tiie string, 
if any, this moulding being mitered into the one on the string. ^\'hcii 
there is a base, the piece is of course dispensed witli. 

The square ot the newel should run tlnvn by the side of a jmst 
aa shown, and should be firmly secured to ttie joist either by spiking 
or by some other suitable: device. 
If the joist runs the other vmv, 
try to get the newel post agaiiut 
^^f it, if possible, cither by funing 
^^^ out the joist or by cutting a por- 
tion off the thickness of the newrt 
The solidity of a stair tad the 
firmness of the rail, depend veij 
much upon the rigidity of Ifae 
newel pest. 'Hie above sagged- 
wFcStotsuS'^"^'* *'°"^ ""^ applicable wliere gTWl 
strength is required, us in public 
buildings. In onlinary work, the usual nK-Uiod is to let the newel i«ft 
on tlie floor. 

Fig. 30 shows how the ctit string is finished at tlie lap of the stain. 
This illuiftralian requires no e.vplanation after the instructions allvady 
given. 

Tlius far. stiiirs having a newcl only at tlic Ixittom ba^ir brm 
dealt with, 'llierv are, however, many modifinttions of stniglit and 
n-tum stairs which Iiavc from two to four or si.x nrwcU. In such 
cases, the methods of treating strings at their finishing pointa must 
necessarily !)e somewhat dllTerent from tliose describwi: but Uie 
general principles, as shown and explained, will still bold god. 

WcH-Holc. Before proceeding to de.<)cribe and Olustnle ncwelnl 
stairs, it will be proper to say aoioething about the wtU-itoU, or 
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opening through the floors, through which the traveler on the stairs 

ascends or descends from one floor to another. 

Fig. 31 shows a well-hole, and the manner of trinmiing it. In 

this instance the stairs are placed against the wall; but this is not. 

necessary in all cases, as the well-hole may be placed in any part of 

the building. 

The arrangement of the trimming varies according as the joists 

are at right angles to, or are parallel to, the wall against which the 

stairs are built In the former case (Fig. 31,-4) the joists are cut short 

and tusk-tenoned into the heavy trimmer T T, as shown in the cut. 

This trimmer is again tusk-tenoned into two heavy joists T J and T J, 

which form the ends of the well-hole. These heavy joists are called 

trimming joists; and, as they have to carry a much heavier load than 

other jobts on the same floor, 

they are made much heavier. 
Sometimes two or three joists 

are placed together, side by 

side, being bolted or spiked 
together to give them the 
desired unity and strength. In 
constructions requiring great 
strength, the tail and header 
joists of a well-hole are sus- 
pended on iron brackets. 

If the opening runs paral- 
lel with the joists (Fig. 31, B), the timber forming the side of the 
well-hole should be left a little heavier than the other joists, as it 
will have to cany short trimmers {T J and T J) and the joists run- 
ning into them. The method here shown is more particularly 
adapted to brick buildings, but there is no reason why the same 
system may not be applied to frame buildings. 

Usually in cheap, frame buildings, the trimmers T T are spiked 
against the ends of the joists, and the ends of the trimmers are sup- 
ported by being spiked to the trimming joists T J, T J. This is not 
very workmanlike or very secure, and should not be dono, as it is not 
nearly so strong or durable as the old method of framing the joists and 
trimmers together. 

Fig. 32 shows a stair with three newels and a platform. In this 




Fig. 30. Showing How a Cut or Open String 
is Finished at Top of Stair. 
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example, the first tread (No. 1) stands fomanl of the newel posli 
two-thirds of its width. This b not necessary in eveiy case, but il is 
somedmes done to suit conditions in the hallway. Tfie second newel 
is placed at the twelftli riser, and supports tlie upper end of the first 



Pig. SI. Sbowing Wa^s of TrlmmlnB Well-Hole ^ 




cut string and the lower end of the second cut string. Hie platfonn 
(12) is supported by joists which are framed into the wall and aie 
fastened against a trimmer running from the wall to the newel along 
the line 12. This is the case only when the second newel runs down 
to the floor. 

If the second newel does not run to the floor, the framewoik 
supporting the platfonn will need to be built on studding. The tbinl 
newel stands at the top of the stairs, and is fastened to the joists of 
the second floor, or to the trimmer, somewhat after the manner of 
fastening shown in Hg. 29. la this example, the stairs have 16 risen 
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and 15 treads, the platform or landing (12) making one tread. The 
figure 16 shows the floor in the second stoiy. 

This style of stair will require a well-hole in shape about as 
shown in the plan; and where strength is required, the newel at the 
top should run from fioor to fioor, and act as a support to the joists 
and trimmers on which the second floor is laid. 

Feihaps the best way for a beginner to go about building a stair- 
way of this type, will be to lay out the work on the lower floor in the 
exact place where the stairs are to be erected, making everything 
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full siee. There will be no difficulty in doing this; and if the positions 
of the first riser and the three newel posts are accurately defined, 
the building of the stairs will be an easy matter. Plumb lines can be 
raised from the lines on the floor, and the positions of the platform 
and each riser thus easily determined. Not only is it best to line out 
on the floor all stairs having more than one newel; but in constructing 
any kind of stair it will perhaps be safest for a beginner to lay out in 
exact position on the floor the points over which the treads and risers 
will stand. By adopting this rule, and seeing that the strings, risers, 
and treads correspond exactly with the lines on the floor, many cases 
of annoyance will be avoided. Many expert stair-builders, in fact, 
adopt this method in their practice, laying out all stairs on the floor, 
including even the carriage strings, and they cut out all the material 
from the lines obtained on the floor. By following this method, one 
can see exactly the requirements in each particular case, and can 
rectify any error without destroying valuable material. 
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Layin% Oat. In order to afford the student b dear idea of what 
is nwuit bjr tayim^ md on the floor, an example of a simple cloar- 
string stair 'a given. In Fig. 33, the letter F shows the floor Utw; 
L is the laadit^ or platfonn; and W is (he wall line. The stair is In 
be 4 bet wide over strings; the landing, 4 feet nide; the bd^t from 
floor to huidiiig. 7 feel; and the mn from start to finish of the stair. 8 
feet^ tDdkts. 

The fiist thing to determine b the dimenaons of the treads and 
risers. The wider the tread, the lower must be the riser, as statnl 
before. Xo definite dimeostons for treads and risers can be given, 
as the steps hare to he arranged to meet the various difficulties that 
may occur in the woridng out of (he construction; but a eomaun 
rule b Ihb: Make the width of the Ucad, plus twice the rise, equal 
to 24 inches. Thb will give, for an 8-inch tread, an Snnch rtae; 
for a 9-inch tread, a THnch rise; for a lO^nch tread, a 7-inch rise, 
and » on. Havii^ the bei^t [7 feet) and the run of the flight {H feet 
SJ inches), take a rod about one inch squarv, and mark on it the heiglit 
from Boor lo landing (7 feet), and the length of the going or run of the 
ftif^t (8 feet 8) inches). Consider now what aiv the dimeiuioijs 
which can be given to the treads and risers, remembering that there 
will Itc one more riser than the number of treads. Mark off oo the 
rod the landing, forming the last tread. If twelve risers aie dednd, 
divide the hc^t (namely, 7 feet) by 12, which gives 7 indies na the 
rise of each step. Then divide the run (namely, 8 feet 8| indies) bj 
11, and tlw width of the ticad b found to he 9) tncbcs. 

Great care must be taken in making the pitch-board for nMrMng 
off the treads anti risers on the string. The pitch-board may be nude 
from dry hardwood about J inch thick. One end and one side must 
be perfectly sijuarc to each otlicr; on the one, the width of the treed 
is set off, and on the other the height of the riser. Connect Ibe two 
points thus obtained, and saw the wood on tlib line. The wldilian 
of a gauge-piece along the longest side of the triangular piece, omd- 
pletcs the pitch-boanl, as «iis illustrated in Fig. IS. 

The length of the wall and outer string can be aaecftalned fay 

moans of the [ntdi-Niard. One side and one edge of the w»D string 

must be stjuareil; but tbe outer string must be trued all round. Cht 

the strings, mark tlie positions of the ticetls and riwn liy uang the 

as already ex]^«ined (Fig. 17). Strings are 1 
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made 11 inches wide, but may be made 12} inches wide if necessary 
(or strength. 

After the widths of risers and treads have been determined, and 
the string is ready to lay out, apply the pitch-board, marking the 
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Fig. n. Method of IiaylngOulaSlmpli', Closo'Strlug Slalr, 

first riser about 9 inches from the end ; and numljor each step in succes- 
sion. The thickness of the treads and risers can be drawn by using 
thin strips of hardwood nmdc the wi<lth of the housing required. 
Now allow for the wedges under the treads «n<l behind tlie risers, and 
thus find the exact width of the housing, which should be about | inch 
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deep; the treads and risers will require to be made IJ inches longer 
than shown in the plan, to allow for the housings at both ends. 

Before putting the stair together, be sure that it can be taken 
into the house and put in position without trouble. If for any reason 
it cannot be put in after being put together, then the parts must be 
assembled, wedged, and glued up at the spot. 

It is essential in laying out a plan on the floor, that the exact 
positions of the first and last risers be ascertained, and the height of 
the story wherein the stair is to be placed. Then draw a plan of the 
hall or other room in which the stairs will be located, including sur- 
rounding or adjoining parts of the room to the extent of ten or twelve 
feet from the place assigned for the foot of the stair. All the door- 
ways, branching passages, or windows which can possibly come in 
contact with the stair from its commencement to its expected ter- 
mination or landing, must be noted. The sketch must necessarily in- 
clude a portion of the entrance hall in one part, and of the lobby or 
landing in another, and on it must be laid out all the lines of the 
stair from the first to the last riser. 

The height of the story must next be exactly determined and 
taken on the rod ; then, assuming a height of risers suitable to the place, 
a trial is made by division in the manner previously explained, to 
ascertain how often this height is contained in the height of the storj'. 
The quotient, if there is no remainder, will be the number of risers 
required. Shoukl there be a remainder on the first division, the opera- 
tion is reversed, the number of inches in the height being made the 
dividend and the before-found quotient the divisor; and the operation 
of rciluction by division is carried on till the height of the riser is 
obtained to the thirty-second part of an inch. These heights are then 
svt oi\ as exactly as possible on the storj- rod, as shown in Fig. 33. 

The next operation is to show the risers on the sketch. This 
the workman will find no trouble in arranging, and no arbitran' rule 
can he f^iven. 

A Dart of the foregoint^ may appear to be repetition; but it is not, 
for it must be remembered that scarcely any two flights of stairs are 
alike in run, rise, or pitch, and any departure in any one dimension 
from these conditions leads to a new series of dimensions that must 
he dealt with indepc^ndently. The principle laid down, however, 
applies to all straight lli^^hts of stairs; and the student who has followed 
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closely and retained the pith of what has been said, will, if he has a 
fair knowledge of the use of tools, be fairly equipped for laying out 
and constructing a plain, straight stair with a straight rail. 

Plain stairs may. have one platform, or several; and they may 
turn to the right or to the left, or, rising from a platform or landing, 
may run in an opposite direction from their starting point. 

When two flights are nece^isary for a story, it is desirable that 
each flight should consist of the same number of steps; but this, of 
course, will depend on the form of the staircase, the situation and 
height of doors, and other obstacles to be passed under or over, as 
the case may be. 

In Ilg. 32, a stair is shown with a single platform or landing and 
three newels. The first part of this stair corresponds, in numlx^r of 
risers, with the stair shown in Fig. 33; the second newel runs down 
to the floor, and helps to sustain the landing. This newel may simply 
by a 4 by 4-inch post, or the whole space may be inclosed with the 
spandrel of the stair. The second flight starts from the platform just 
as the first flight starts from the lower floor, and l)oth flights may be 
attached to the newels in the manner shown in Fig. 29. The bottom 
tread in Fig. 32 is rounded off against the square of the newel post; 
biit this cannot well be if the stairs start from the landing, as the tread 
would project too far onto the platform. Sometimes, in high-class 
stairs, provision is made for the first tread to project well onto the 
landing. 

If there are more platfonns than one, the principles of construc- 
tion will be the same; so that whenever tlie student grasps the full 
conditions governing the constniction of a singlc-phitform stair, he 
will be prepared to lay out and construct the Ixxly of any stair having 
one or more landings. The methoil of laying out, making, and setting 
up a hand-rail will be described later. 

Stairs formed with tretuls each of ecfual width at both ends, are 
named straight flights] but stairs having tR*ads wider at one end than 
the other are known by various names, as winding stairs, dog-legged 
stairs, circular stairs, or elliptical stairs. A tread with parallel sides, 
having the same width at each end, is called a flyer; while one having 
one wide end and one narn)w, is callcHl a winder. These terms will 
often be made use of in what follows. 
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The elevation and pliin of the stair shown in Tig. 34 may he 
called a dog-leygcd stair with ihree winders and six flyera. /The fljvra, 
however, may be extended to any numlier. The houinil strings to 
receive the winders are shown. These strings show exactly the manner 
of construction. The shorter string, in the comer from 1 to 4, which 
is shown in the plan to contain the housing of liie first winder and 
half of Uif seeoml, is put 
up first, the Ircails being 
leveled by aid of a ^ril 
level ; and the longer upper 
string is put in place after- 
wards, butting snugly 
against the lower string in 
the comer. It is (beD 
fnstcncf] firmly to the w»U. 
Tht' winders are cut mugly 
around the newel post, and 
well nailed. Their ri»n 
will stand one aborc 
anotlier on the post; and 
the straight string above 
the winders mhII enter thr 
post on n line with the top 







uppermost 



,St!S!r" 



edge of the 
winder. 

Platform ttaira an often 
r-onstmctcd so that oor 
fltgtil will run in a dirrc- 
lion opposite to that of the 
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otlicr flight, as shown in P'ig. 35. In erases of thu kind, the la 
platform requin^s to have a length more than double that of the treada, 
in order that both flights may liave the same width. SooirliiDca, 
however, and for various reasons, the upper flight ts made a little 
narrower than the lower; but this exjiealient should lie avoiilvd wfaefi> 
ever [vossible, as its adoption unbalances tlie stnirs. In the cxampie 
before us, eleven tTra<ls, not including the landing, nin in one dinvtion: 
while four treads, including the landing, run in the opposite dirertiati; 
or, OS workmen put it, the stair "returns on itsHf" 1\f elevalicHi 
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^own in Fig. 36 illustrates the manner in which the work is executed. 
The various parts are shown as follows: 

Hg. 37 ia a section of the top landing, with baluster and rail. 

Fig. 38 is part of the long newel, showing mortises for the strings. 
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I^g. 3!) represents part of the bottom Dcwrl, showing the string, 
moulding on the outside, and cap. 

Fig. 40 is a section of the top string pnlarged. 
Fig. 41 is the nevcl at the bottom, as rut nut to 
receive bottom step. It intist be remembered that 
there ia a cove under each tread. This may be tuuled 
in after (he stairs are put togctlier, and it adds greatly 
to the appearance. 

We may state that stairs should have carnage pueta 

oi^p't^Ma ^^ ^''""' ^**"' *° *'"°'"' "°^^' the fltajpj, Ui support 
B>jii««r.u>dB^ them. Tliese may be notched under the steps; or 
rouffh brackeU may be nailed to the side of the car- 
riage, and cnrncii under t-aeli riser and tivaii. 

There is also a frame<l spamlrcl wliich help 
the weigh!, makes a sounil ji)V», and 
adds greatly to the appearance. This 
spandrel may Iw niaile of IJ-inch 
material, »-ilh jHinels and mouldings 
on the front side, as shown in Fig. 30. 
The joint between the top and bottom 
rails of the spandrel at the nngle, 
should be ma4lc as shown in Fig. 42 
with a cross-to ngiie, and glued and 
foslrneal with long screws, V\g. 43 is 

simply one of the panels showing the _ ^ 

miters on (he moulding and the shape )^%Jt tn^ura« SS>» 
of the .sections. As there is n conven- 
ient space under the landing, it li commonly used for a deoct. 
In setting out stairs, not only the pniportions of treads and r 

must be eoniudered, but also the material available. 
As this material runs, as a rule, in oeitain ains, il b 
best to work so as to conform to it i 
[Kissiblf. In ordinary stotra, II by I-tndi c 
stock is used for strings ami Ireiuhi, and 7-ii 
j-inch .slock for risers; in stairs of a I 
wider and thicker material may be used. Tbe nih 
are set at various luaghts; 3 feet 8 inclies tm^ be 
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taken as an average height on the stairs, and 3 feet 1 inch on landings, 
with two balusters to each step. 

In Fig- 36, all the newels and balusters are shown square; but 
it is much better, and is the more common practice, to have them 
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Flff.41. Newel Cut 
to BeoelYe Bottom 
Step. 



Fig. 42. Showing Method of Joining 
Spandrel Rails, with Cross-Tongue 
Qiued and Screwed. 



turned, as this gives the stairs a much more artistic appearance. 
The spandrel under the string of the stairway shows a style in which 
many stairs are finished in hallways and other similar places. Plaster 
is sometimes used instead of the panel work, but is not nearly so good 
as woodwork. The door under the landing may open into a closet, 
or may lead to a cellarway, or through to some other room. 

In stairs with winders, the width of a winder should, if possible, 
be nearly the width of the regular tread, at 
a distance of 14 inches from the narrow 
end, so that the length of the step in 
walking up or down the stairs may not 
be interrupted; and for this reason and 
several others, it is always best to have 
three winders only in each quarter-turn. 
Above all, avoid a four-winder turn, as 
this makes a breakneck stair, which is 
more difficult to construct and incon- 
venient to use. 

BuUnose Tread. No other stair, perhaps, looks so well at the 
starting point as one having a huUnose step. In Fig. 44 art* shown a 
plan and elevation of a flight of stairs having a bullnose tread. The 
method of obtaining the lines and setting out the body of the stairs, 
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Fig. 43. Panol in Spandrel. Sho^ 
lug Miters on Moulding, and 
Shape of Section. 
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is the same as lias alrt-ady been explained for other suira, with Iht- 
exception of the first two steps, which are made wiili tnrctilar rtKls, 
as shown in rhe plan. These circular ends are worked out as here- 
after described, and are attached to the newel and strinj; as shown. 
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The cxninple shows an open, rut string wnlh brackets. The spaadrvl 
under the siring contains short panels, and mokes a my banl«jin« 
finish. Tlie newels ami Hidusten in this case are turned, ami the lalln 
bav« cutwork panels between them. 
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Fig. 46. Section 
ill rough BaUnoM 
Step. 



Bullnose steps are usually built up with a three- 
piece block, as shown in Fig. 45, which is a sec- 
tion through the step indicating the blocks, tread, 
and riser. 
Fig. 46 b a plan showing how the veneer of the 
riser is prepared before being bent into position. The block A indi- 
cates a wedge which b glued and driven home after the veneer is 
put in place. This tightens up the work and makes it sound and 
clear. Figs. 47 and 48 show other methods of forming bullnose steps. 
Fig. 49 b the side elevation of an open-string stair with bullnose 
steps at the bottom; 
while Fig. 50 is a view 
showing the lower end 
of the string, and the 
manner in which it is 
prepared for fixing to 
the blocks of the step. 
Fig. 51 is a section 
throu^ the string, showing the bracket, cove, and projection of tread 
over same. 

Figs. 52 and 53 show respectively a plan and vertical section of 
the bottom part of the stair. The blocks are shown at the ends of the 
steps (Fig. 53), with the veneered parts of the risers going round them ; 
also the position where the string is fixed to the blocks (Fig. 52) ; and 




Fig. 48. Plan Showing Preparation of Veneer before 
Bending Into Position. 



Newel 





Fig. 47. 



Fig. 48. 



Methods of Forming Bullnose Steps. 



the tenon of the newel is marked on the upper step. The section (Fig. 
63) shows the manner in which the blocks are built up and the newel 
timoned into them. 
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The newd. Fig. 49, 
clnlHtrale afTair, beiDg carv«l ail 
lyase and im the txxly, and having 
a oarvet) rosette planted in a snuUl, 
sunken panel on three ades, the rail 
butting a^iinst the fourtli side. 

Open-Newel Stairs. Before Ieiiv< 
ing the subject of straight and do^ 
logged stairs, tlie student .thould be 
made fumiliur with at least ooe 
example of an open-newel stair. Ai 
the sanie prindplcs of construction 
govern nil styles of open-newel 
stairs, a sin^ example will be sufficient. The student must, of 
course, understand tliat he himaelf is the greatest factor in plan ni ng 
stairs of this type ; that the setting out and design- 
ing will generally devolve on him. By exercising 
a little thought and foresight, he can so arrange 
hiaplon that a minimum of both labor and material 
will Ih." R^juired. 

Fi;{. .'>4 ithows a plan of an open-newet stair 
having two landings and closed strings, shown in 
elevation in Fig. .1.5. The <iott(i! hnes .show the 
carriage timbers and trimmers, also the lines of 
risers; while llie tniuh are shown by full lines. 
It wilt be noticed tliat the strings and trimmers 
nt the first landing nn- framol into the .thank of the aecDlid newel 
posr, which runs don-n to the floor; while the top newel drops fackiw 
ihefa.'^i'iii.iUKl liusatumnlanilenri'eddrop. Iliisdn^ 
low both the fasi'ia and tlie string. The Unra 
and riwrs an- .nliown by dotlnl lines and 
The position of the carnage 
landings and in the ruB* 




&tuammtmf> 



:=! <n,sslialchc' 
I I tiuilxTS is s 



eil sections, 
s sliown ,botli in Ui 
of tlie stairs, die projecting ends of these titnben bang 
9Up[>tt-se>l to tic n-sting on the «all. Aacaleof the plan 
and elevation is attached to the plan. In Pig. 55, a story rod is 
shown at the right, with the ntimher of riw^rs spacBil off theiron. 
The design of tlie newels, spandrel, framing, and p 
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Pig. 61, Plan of Bottom Part 
of Bullnoae Stair 



ertlcal Section tbrongli 



Only the (.■entrel carriage timbers are shown in Fig. 54; but in a 
stair of this width, there ought to be two other timbers, not so heavy, 
periiaps, as the central one, yet strong enough to be of service in lend- 
ing additional strength to the stairway, and also to help carry the laths 
and plaster or the paneling which may be necessary in completing 
the under side or soffit. The strings being closed, the butts of their 
balusters must rest on a subniil which caps the upper edge of the 
outer string. 
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Fig. H FUun at open-Newel Stair, with Two Landings and Closed StriOKs, 
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The first newel should pass through the lower floor, and, to 
insure solidity, should be secured by bolts to a joist, as shown id the 
elevation. The rail is attached to the newels in the usual manner, 
with handrwl bolts or other suitable device. The upper newel ^ould 
be made fast to the joists as shown, either by bolts or in some other 




Shown IQ Plaa In Pig. M. 



efficient nifinner. Tlic intermediate newels are left square on the 
shank l»elow the stiiirs, and may be fastened in the floor below either 
by mortise and tenon or by making use of joint bolts. 

Kvorything about a stair should be made solid and sound; and 
every joint should set firmly and closely; or a shaky, rickety, squeaky 
stair will be the result, which is an abomination. 

Stairs with Curved Turns. Sufficient examples of stairs having 
angles of gn^ater or less degree at the turn or change of direction, to 
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enable/the student to build any stair of this class, have now been 
given. There are, however, other types of stairs in common use, 
whose turns are curved, and in which newels are employed only at 
the foot, and sometimes at the finish of the flight. These curved turns 
may be any part of a circle, according to the requirements of the case, 
but turns of a quarter-circle or half-circle are the more common. 
The string forming the curve is called a cylinder, or part of a cylinder, 
as the case may be. The radius of this circle or cylinder may be any 
length, according to the space assigned for the stair. The opening 
around which the stair winds is called the well-hole. 

Fig. 56 shows a portion of a stain^^ay having a well-hole with 
a 7-inch radius. This stair is rather peculiar, as it shows a quarter- 
space landing, and a quarter-space having 
three winders. The reason for this is the 
fact that the landing is on a level with the 
floor of another room, into which a door 
opens from the landing. This is a problem 
veiy often met with in practical work, 
where the main stair is often made to do 
the work of two flights because of one floor 
being so much lower than another. 

A curved stair, sometimes called a 
geometrical stair, is shown in Fig. 57, 
containing seven winders in the cylinder 
or well -hole, the first and last aligning with the diameter. 

In Fig. 58 is shown another example of this kind of stair, con- 

. taining nine winders in the well-hole, with a circular wall-string. 

It is not often that stairs are built in this fashion, as most stairs having 

a circular well-hole finish against the wall in a manner similar to that 

shown in Fig. 57. 

Sometimes, however, the workman will be confronted with a 
plan such as shown in Fig. 58; and he should know how to lay out 
the wall-string. In the elevation. Fig. 58, the string is shown to be 
straight, similar to the string of a common straight flight. This results 
from having an equal width in the winders along the wall-string, and, 
as we have of necessity an equal width in the risers, the development 
of the string is merely a straight piece of board, as in an ordinary 
strai^t flight. In laying out the string, all we have to do is to make 




^ Fi 



g. 56. Stair Serving for Two 
Flights, with Mid-Floor 
Landing. 
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1 pitch-bonrd, &nil, with it as a templet, nwrk the lioes uf 
the tretuls anil risers on a straight piece of board, as shown at I, 2, 3, 
4, etc. 

If you can manage to bend the string without kcrfing (grooving), 
it will be all the better; if not, the kerfs (grooves) must \)c parallel lo 
the rise. You can set out with a straight edge, full size, on a lough 
platfoim, just as shon'n in the diAgnm; and 
when the string is bent and set in place, the 
risers and winders will have their cortvct 
positions. 

To bend these strings or otherwise pirpaiv 
them for fastening against the wall, perhaps 
the easiest way is to saw the string with a fine 
saw, across the face, making parallel grooves. 
This meliiod of tiemllng is calted krrfM^, 
above referred to. The kerfs or gnxiw g 
must be cut parallel to the lines of the risers, so as lo be ipYnical when 
the string is in place. This method, however — handy though it may 
be — is not a good one, inasmuch as the saw gnmve will show toon or 
less in the finished work. 

Anotlier method is to build up or Mtave the string. There anc 





rtg. t». PUn ot ClKulu' sikir Md Lajout ot W>u Strtai 



several ways of doing this. In one, comparatively narrow pieces air 
cut to the Inquired cur\-e or lo portions of it, and are futencd together. 
edge to edge, with glue and screws, until the neoeaaary width is 
obtained fsce Fig. 59). l^ie heading joints may be either butted or 
beveled, tlie latt(T being stronger, and should be cros»-longued. 

Vig. 60 shows a mctln^l that may be followeil when a wide xtring 
ia re(]Utn.<d, or a piece eur>'ed in the diivction of il4 width is a 
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for any purpose. The pieces are stepped over each other to suit the 
desired curve; and though shown square-edged in the figure, they are 
usually cut beveled, as then, by reversing them, two may be cut out 
of a batten. 

Panels and quick sweeps for similar purposes are obtained in the 
manner shown in Fig. 61, by joining up narrow boards edge to edge 





Fig. 60. 



Methods of Building Up Strings. 



Fig. 00. 



at a suitable bevel to give the desired curve. The internal curve is 
frequently worked approximately, before gluing up. The numerous 
joints incidental to these methods limit their uses to painted or unim- 
portant work. 

In Fig. 62 is shown a wreath-piece or curved portion of the 
outside string rising around the cylinder at the half-space. 
This is. formed by reducing a short piece of string to a veneer 
between the springings; bending it upon a cylinder made to fit the 
plan; then, when it is secured in position, filling up the back of the 
veneer with staves glued across it; and, finally, gluing a piece of canvas 
over the whole. The appearance of the 
wreath-pi ce after it has been built up and 
removed Lx)m the cylinder is indicated in 
Fig. 63. The canvas back has been omitted 
to show the staving; and the counter-wedge 
key used for connecting the wreath-piece 
with the string is shown. The wreath- 
piece is, at this stage, ready for marking 
the outlines of the steps. 

fig. 62 also shows the drum or shape around which strings may 
be bent, whether the strings are formed of veneers, staved, or kerfed. 
Another drum or shape is shown in Fig. 64. In this, a portion of a 
qrlinder is formed in the manner clearly indicated; and the string, 
being set out on a veneer board sufficiently thin to bend easily, is laid 




Fig. 61. Building Ud a CurYed 
Panel or Quick Sweep. 
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dmni nwnd the cam, mefa a number of pM«cs at like tlik^ums bdi^ 
thm adiitd as *i11 nuke tbc iT<]uiml thickness of the strii^. In 
vcwldi^ this metbod, glue b introduoed between the Teaem, which 





aie ifaen qiiickiT straiiwd down to the ctured pece w!tfa hand scnwa. 
A atring of dmost anj Imgth can be fonnn) in tliU way, by gltm^ 
a lev leet at a time, and wbcn that dries, icjnoving ihc <7tindtkal 
corre aod gUoc down moir, until the whole is complvlnl. Seven) 
odKT bHIiiHs win aoggcst tbemsdves to the workman, of building up 
good, aoGd, cnoilar dtnn^ 

One awlbod ol (ayaig out the treads and riscni around a cnrlitidcr 
or dram, is shown in Fig. 63. The line D shows the currr of the nuL 
The lines .Oiowing tfeads and risen D>ay be marked off on the cylinder, 
or Ihrj- may be marked off after the Tcxtoer is bent around the drum or 
cylinder. 

Tlufe arc various methods of making inside <Tlinders or weUs. 
ami of fastening same to strings; One method is sliown in Fig. 66. 
This gives a slning joint when ptopcHy made. It will be tmlim] that 
the cylinder is notched out on the back; tbc two blocks shoa-n at the 
l»atk of Ilic ofTseU are wedges driven in to secuit- the cj-lindcr in placr, 
nnil to drive it up tight to the strings. Fig. fiT shows an S-inrh wWl- 
hole with cylinder complete; also the method of trimming anl finisb- 
inf; MUIU-. The c^p-JiDder, too, is shown in sudi a numner that ita ran* 
stniction will lie n>mlily umlenttood. 

Sliiin liavini^ ii cj'lindrical or dirular opening always ictjuiiv 
u weiglit support undcnicath tliem. Tliis support, which is grneralty 
tnailc of mugh lumber, is culled the carriage, bccauso it is a 
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to cany any reasonable load that may be placed upon the stairway. 
Fig. 68 shows the under side of a half-space stair having a carriage 
beneath it. The timbers marked S are of rough stuff, and may be 
2-inch by O-inchorofgreaterdimensions. If they 
are cut to fit the risers and treads, they wilt require 
to be at least 2-inch by 8-inch. 

In preparing the rough carriage for the 
winders, it will be best to let the back edge of the 
tiead project beyond the back of the riser so that it 
forms a ledge as shown under C in Fig. 69. Then 
fix the cross-carriage pieces under the winders, 
with the back edge about flush with the backs 
of risers, securing one end to the well with screws, 
and the other to the wall string or the wall. Now 
cut short pieces, markedOO (Fig, 68), and fix them tightly in between 
the cross-carriage and the back of the riser as at £ S in the section, 
Kg. 69. These carriages should be of 3-inch by 2-inch material. 
Now get a piece of wood, 1-inch by 3-inch, and cut pieces CC to fit 
ti^tly between the top back edge of the winders (or the ledge) and 
the pieces marked B B in section. This method makes a very 
sound and strong job of the winders; and if the stulf is roughly 
planed, and blocks are glued on each side of the short cross-pieces 
0, it is next to impossible for the winders ever to spring or 
squeak. When the weight is carried in this manner, the plasterer will 






have very little trouble in lathing so that a graceful .soffit will be made 
under the stairs. 

The manner of placing the main stringers of the carriage S S, 
is shown at A, Fig. 69. Fig. 68 shows a complete half-^pace stair: 



one-half of this, Bnishecl as shown, will answer n t-ll fur ii qiiarler-spiiir 
stair. 

Another method of forming a carriage for i\ sluir is shown in 
Fig. 70. This is a pecuhar but very handsome stair, inasmuch as tlie 
first and the last four steps are parallel, but the remainder balance ur 
dance. The treads are numbered in this illustration; and the plan of 
the handrail is showu ex- 
tending from, the scraW at 
the bottom of the stairs lu 
the landing on the second 
story. The trimmer T at 
the top of the stairs is also 
shown ; and the rough strings 
or carriages, RS.R S, R S, 
are represented by dottd 
lines. 

Tliis plan represents a 
slair with a curtail step, 
and a scroll handrail rest- 
ing over the cun^e of the 
C'urtiiil .slop- This type of 
stair is not now much in 
Togue in this country, 
though it is adopted occa- 
sionally in some of the lai^r cities. The use of heavy newel posts 
instead of curtail steps, is the prevailing style at present. 

In laying out geometrical stairs, the steps are arranged on piio' 
ciplea already described. The well-bole in the center is first laid down 
and the steps arranged around it. In circular stairs with an open well- 
hole, the handrail being on the inner side, the width of tread for the 
steps should be set off at about 18 inches from the handrail, this 
giving an approximately uniform rate of progress for anyone ascending 
or descending the stairway. In stairs with the rail on the outside, as 
sometimes occurs, it will be suffident if the treads have the proper 
width at the middle point of their length. 

Where a flight of stairs will likely be subject to great stress and 
wear, the carriages should be made much heavier than indicated in 
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Under Side of Half-Spio 
Carriages and CrosvCar 
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the foregoing figures; and there may be cases when it will be necessaiy 

to use iron bolts in the sides of the rough strings in onder to give them 

greater strength. This necessity, however, will arise only in the case 
of stairs built in public buildings, 
churelies, halls, factories, ware- 
houses, or other buildings of a simi- 
lar kind. Sometimes, even in house 
stairs, it may be wise to strengthen 
the treads and risers by spiking 
pieces of board to the rough string, 
ends up, £^ng them snugly against 
the under side of the tread and the 

back of the riser. The method of doing this is shown in Pig. 71, in 

«4iich the letter O shows the pieces nailed to the string. 

Types of Stairs in Coiwnon Use. In order to make the student 

familiar with types of stmrs in general use at the present day, plans 

of a few of those most Ukely 

to be met with will now be 

given. 

Fig. 72 is a plan of a 

strdght stair, with an ordi- 

naiy cylinder at the top 

provided for a return rail 

on the landing. It also 

shows a stretch-out stringer 

at the starting. 

Fig. 73 is a plan of a 

stair with a landing and 

return steps. 

Fig. 74 is a plan of a 

stair with an acute angular 

landing and cylinder. 

Yig. 75 illustrates the 

same kind of stair as Fig. 74, the angle, however, being obtuse. 
Fig. 76 exhibits a .stair having a half-tum with two risers on land- 




Fig. 77 is a plan of a quarter-space stair with four winders. 
Fig. 78 shows a stair similar to Fig, 77, but with six winders. 
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Fig. 79 sliows a stair having five 
dancing winders. 

Fig. 80 is a plan of a half-space 
stair having five dancing winders 
iintl a ijiiarter-space landing. 
Fig. SI .shows a half-space stair with dancing winders all around 
the cylinder. 

Fig, S2 shows a geometrical stair having 
winders all uound the <7liDdCT. 

3 Atns the plan antl elevation of 
stairs wfaidi turn around a central post This 
kind of stair is frequently useti'in large stores 
and in dubhouses and other similar places, 
and has a very gractf ul appearance. It is not 
very difBcuIt to build if properly planned. 

The only form of stair not shown which the 
student may be called upon to build, would 
very likely be one having an elliptical pUn; 
but, as this form is so seldom used — being 
found, in fact, only in public buildings or 
great mansions — it rarely falls to the lot of 
the ordinary workman to be called upon to design or construct a 
stairway of this type- 
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Fig. 77. Quarter-Space Stair with 
Pour Winders. 



Flff.m Half •Tom Stair with 
Two Blsers on Landings. 




Fig. 79. Stair with Five Dancing Winders. 




) 




Fig. 78. Quarter-Spiice Stair with Six 
Winders. 




Fig. 81. Half-Space Stair with 

Dancing winderR all 

around Cylinder. 



GEOMETRICAL STAIRWAYS AND 
HANDRAILINQ 

The term geometrical is applied to stair- 
ways having any kind of curve for a plan. 
The rails over the steps are made con- 
tinuous from one story to another. The resulting winding or 
twisting pieces are called wreaths. 

Wreaths. The construction of w^reaths is based on a few 
geometrical problems — namely, the projection of straight and cun-cd 
lines into an oblique plane; and the finding of the angle of inclination 
of the plane into which the lines and cun^es are projected. This angle 



Fig. 8a Half -Space Stair with 

Five Dancing Winders and 

Quarter-Space Landing. 
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is chIImI the hrrri, and bv its use 
ttte wrrath is made to 

111 fig. 84 is shov 
U)|ttr pUn; in Fig. 85, 
pint; »nd in Fig. SO, a semicircle er ■ 
ckMnI within straight lines. 

Projeclloa. \ knowledge of I ' 
to |in'jwn die lines and cnncs in ci i 
of ilir.'M' ))fain;<i into an otiliqiic plane, 
mm) to tiihl Ihi- angle of inclination of 
(he )4nnr. will duilk' tlic sbident to 
ctWstnnH any awl all kinds i)f n-reatha. 

T\>v .slmij.Hit lines aji,c.ilin the plan. Fig. 86, arc known w 
Iwuit-iil.': itihl tin- rnno. the cmlral line of the plan wreath. 

Tin- .•.inii^'ht lino aiposs from nton is the diameter; and the 
)K'qii'titiii'iil;«r tine fn>ni it to the lines c ami b is the radivt. 

fit litii- nmv U' defined as a line touching a curve without 
ml is luiule use of in handrailing to square the joints of the 



i-ullinttit. 



lancvni : 



«iih tlu- 



>>sl«n. The tangml sy^em of handrailing takes its 
ii«> iiwde of the tangents for this purpose. 
, it it .shown lliat the joints connecting the central line 
) rfiil.'i V of the straight flights, are placed right at 

till- sprittciiiir: (h.i( is. (lu\v are in line with the diameter of the semt- 

iii\ li\ iiml xjiittn- In the side tang«-nts a and d. 

Till- vviiur joint of tho omwn tangents is shown to be squaiv to 

luiif^iiis .'• :»ihl .-. ^^l^,•n llit'se lines art- pmjected into an oblique 

[Jitui'. \\w i>>int,* i.f ih«- »i\N»lhs <.-«ii W niade to Initt square by applying 

the U^.l to iImui. 



STAIR-BUILDING 



45 




Fig. 84. Obcose- Angle Plan. 



JOtnL 



All handrail wreaths are assumed to rest on an oblique plane 
while ascending around a well-hole, either in connecting two flights 
or in connecting one flight to a 
landing, as the case may be. 

In the simplest cases of 
construction, the wreath rests 
on an inclined plane that in- 
cUnes in one direction only, to 

either side of the well-hole; while in other cases it rests on a plane 
that inclines to two sides. 

Fig. 87 illustrates what is meant by a plane inclining in one 

direction. It will be noticed 
that the lower part of the figure 
is a reproduction of the quad- 
rant enclosed by the tangents 
a and 6 in Fig. 86. The 
quadrant, Fig. 87, represents a 
central line of a wreath that is 
to ascend from the joint on the 
plan tangent a the height of h 
above the tangent 6. 

In Fig. 88, a view of Fig. 87 
is given in which the tangents a 
and b are shown in plan, and also the quadrant representing the plan 
central line of a wreath. The curved line extending from a to ^ in 
this figure represents the development of the central line of the plan 
wreath, and, as shown, it rests on an oblique plane inclining to one 
side only — namely, to the side of 
the plan tangent a. The joints 
are made square to the devel- 
oped tangents a and m of the in- 
clined plane; it is for this 
purpose only that tangents are 
made use of in wreath construc- 
tion. They are shown in the 
figure to consist of two lines, 
a and m, which are two adjoining 
sides of a developed section (in pig. m. semicircular Plan. 




Fig. 86. Acute- Angle Plan. 
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the aectioo bong die UBomed indtncd 
io itsaaEmt from a IojL Tlw joint at k, 
a. w3 be s tme, aquaiv butt-joiat ; ao 

wiB be Ae joint at a. if made squue to 



pnctial work it Till be ivquiiied to Gal 

mmct gottaetncal ui^ brfwten tbr two 

dcvrioped tuipnils a sod M;aod befc-,agMn, 

be observed that the findtnit of the 

u>^ between the two developed 

tBi^geiits b tbe ttntiil puipoae of erefy 

tangent sjdoB of hnndwiling. 

In 1%. 8B is rixnm the geometriaU solu- 
tion — the one necesaur to find the angle 
betwe«i tbe tangents as nvjuired on tbe hce* 
n^w. OMttMMPtoM mouk) to square tbe joints at the vrratb. 
UMa^ ta»ra«wi .j^ ^^ -^ jj^^^ ^^ y^ similar to Fig. 87, 
except that it has an additkinal poitioa 
"»»Ay«l "Sectiui." This section h tbe tmv shape of the ohtique plane 
iriienon tbe wiemth ascends, a riew of which is giren in 1-1;;. 8S. ft 
will be observed that one side of it is the developed tangent m ; atwther 
ade, the developed tangent o" (= o), 
Tbe angte between the two as here 
preaented is the one requlied on the face- 
mould Ut square the joints. 

In this example. Fig. 89. owing to 
the plane U'lri); obli<)ue in one direction 
only, the shape of the section is found bjr 
merely drawing the tangent o* at right 
angles to the tangent m, making it equal 
in length to the level tangent a in the 
plan. By dmwing lines parallel to o* 
and m respectively, the form of the section n,. bl pm um m iuo rw- 
will be found, its outlines being the poi^ ^'^ "'i^^SS.'^.'*"'^ 
jections of tlic plan lines; and the angle 

between the two tangents, as already saiil, is the angle required on 
tbe boe-mould to square the joints of the wrvalh. 

Tbe solutioa here presented will enable tbe student Io find tbe 
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correct direction of the tangents as required on the face-mould to 
square joints, in all cases of practical work where one tangent of a 
wreath is level and the other tangent is inclined, a condition usually 
met with in level4anding stairways. 

Fig. 90 exhibits a condition of tangents where the two are equally 
inclined. The plan here also is taken from Fig. 86. The inclination 
of the tangents is made equal 
to the inclination of tangent b 
in Fig. 86, as shown at m in 
Figs. 87, 88, and 89. 

In Fig. 91, a view of Fig. 90 
is given, showing clearly the 
inclination of the tangents (f 
and d" over and above the plan 
tangents c and d. The central 
line of the wreath is shown 
extending along the sectional 
plane, over and above its plan 
lines, from one joint to the 
other, and, at the joints, made 
square totheincUned tangents 
c* and d". It is evident from 
the view here given, that the 

condition necessary to square the joint at each end wouic* t)e to find 
the true angle between the tangents c^ and d'', whicti wouia give the 
correct direction to each tangent. 

In Fig. 92 is shown how to find this angle cjorrectly as required 
on the face-mould to square the joints. In this figure is shown the 
same plan as in Figs. 90 and 91, and the same inclination to the 
tangents as in Fig. 90, so that, except for the portion marked "Section," 
it would be similar to Fig. 90. 

To find the correct angle for the tangents of the face-mould, 
draw the line m from d, square to the inclined line of the tangents 
c' d^; revolve the bottom inclined tangent c' to cut line m in n, where 
the joint is shown fixed ; and from this point draw the line (/^ to w. The 
intersection of this line with the upper tangent d" forms the correct 
angle as required on the face-mould. By drawing the joints square 
to these two Unes, they will butt square with the rail that is to connect 



Fig. 89. Finding Angle between Tangents. 
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gentm of the lower wreath, and also square to the inclined tangent <f 
of the upper wreath; the two tangents, aligning, guarantee a square 
butt-joint. The upper joint is inade square to the tangent ^, which 
b here shown to align with the rail of the connecting flight; the joint 
will consequently butt square to the end of the rail of the flight above. 
The view given in this diagram is that of a wreath starting from 
a level landing, and .winding around a well-hole, connecting the 
landing with a fli^t of stairs leading to a second story. It is presented 
to elucidate the use made of tangents to square the joints in wreatii 
construction. The wreath is shown to 
be in two sections, one extending from 
the level-landing mil at a to a joint in 
the center of the well-hole at A, this 
section having one level tangent a and 
one inclined tangent m; the other sec- 
tion is shown to extend from A to n, 
where it is butt-jointed to the rail of the 
it above. 
This figure clearly shows that the 
joint at a of the bottom wreath — owing 
to the tangent a being level and there- 
fore aligning with the level rail of the 
landing — will be a true butt-joint; and 
that the joint at h, which connects the 
two wreaths, will also be a true butt- 

K\\ I \ joint, owing to it Ix'iiig made square to 
\\ _j' ! the tangent m of 

the bottom 
wreath and to the 
tangent if of the 
upper wreath, 
both tangents 
having the same - 
inclination; also 
the joint at nwill 
butt square to 
the rail of the 
-L.,idi.«srtb j^gj^j above. 
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t being nuuk- s<|uure to the tuiigcnt d', which is shown to 

c ime inclination as thr rail of the Hij^lit iuljoiiiing. 

A.S previously stjttcd, the use miuic of lunj^cntfl is to scjusrv tbe 

s of the wreaths; and in thi.<( diagram it is clenrly .thovrn tlint the 

y they run bo tiiode of usi- is by jfiving eiich tjinffcnt its true dirrc- 

1. How to find the tnje direction, or the angle l)etween tlip tangenti 
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Find Tbeir locUiuitian. 



Oiown in (his diagram, was demonstrated in Fig. S9; and bow 
e dir\>tioti uf the tangents <f and d' was shown in Fig, 92. 
^M is [m-.<enti\i lo help further toward an undersUnding 
iiii^xiH.-. In diis diiignim they are unfolded; that is, they 
lu>l i«it for the purpose of finding the inclination of each 
;»inl aUive the plan tangents. The side plan tangent a 
Ninithol out (o tlie ft(K>r hue, and its elevation a' is a level 
II- Mile pl:ui tangi'iit d is also stretchc^I out to the flonr line, 
l<\ ihe :in- h' m\ |ly this process the plan tangi>nts an- ih>w 
i:ii>;h( line till die tl<H>r line, as shown from v lo m'. I'pon 
, i-ovf ii |M-q<eiH!icular lineas >hown, and from m' ni<«su>r 
lii'if;lii the wreath is to a.stvnd around the well-hole. In 
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practice, the number of risers in the well-hole will determine this 
height. 

Now, from point n, draw a few treads and risers as shown; and 
along the nosing of the steps, draw the pitch-line; continue this line 
over the tangents d"^ cf, and m, down to where it connects with the 
bot'om level tangent, as shown. This gives the pitch or inclination 
to the tangents 
over and above 
the well-hole. 
The same line is 
shown in Fig. 93, 
folded around 
the well-hole, 
from n, where it 
connects with the 
flight at the up- 
per end of the 
well-hole, to a, 
where it connects 
with the level- 
landing rail at 
the bottom of 
the well-hole. It 
will be observed 
that the upper 
portion, from 
joint n to joint A, 
over the tangents 

if and df, coincides with the pitch-line of the same tangents as 
presented in Fig. 92, where they are used to find the true angle between 
the tangents as it is required on the face-mould to square the ioints 
of the wreath at A. 

In Fig. 89 the same pitch is shown given to tangent m as in Fig. 
94; and in both figures the pitch is shown to be the same as that over 
and above the upper connecting tangents (f and d^, which is a neces- 
sary condition where a joint, as shown at h in Figs. 93 and 94, is to 
connect two pieces of wreath as in this example. 

In Fig. 94 are shown the two face-moulds for the wreaths, placed 




Pig. J)5. Well-Hole Connecting Two Flights, with Two Wreath- 
Pieces, £ach Coutaiuiug Portions of Unequal Pitch. 
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upon the pitch-line of tlie tangents uvpr Ibc well-hole. The uigla 
between the tangents of the face-moulds have been foumi in llitx 
figure by the same method as in Figs. 89 and 92, which, if compared 
with the present figure, will l)e found to correspond, excepting only 
the curves of the face-moulds in Fig. 94, 

The foregoing explanation of tlie tangents will give t)ir student 
a fairly good idea of the use made of tangents in wTcalb eonstnietioQ. 
The treatment, however, would not be complete if left off nl thu 
point, OS it shows how to handle tangents under only two eonditionj — 
namely, first, when one tangent inclines and the other a \evrl. u •! 
a and m; second, when both tangents incline, as shown at t^ and (/*. 

In Fig. 95 Ls shown a well-hole connecting two flights, whrrv two 



yH, » Klndlue Angle be- 
Wnatk ot Fl(. W. 



s of unequal pitch occur in both pieces of wreoth. The 6nt 
{MKV o^TT the tangents a and b is shown to extenil from the aquare 
tod of the straight rail of the bottom flight, to the joint in the center 
ol ibe mtt-hole, the bottom tangent a' in this wreath inclining mote 
dwB the upper tangent b'. The other piece of wn-atfa is sliown to 
conactrt wi^ the bottom oite at the joint A* in the center of the wdl- 
bi4e, atkl tit extritd oxrt tangents e* and d* to connect «ith the rail of 
the uptwr tUghl. The relative inclination of tlie two tangents in Ibis 
wrmth. is the re\Trse nf that of the two tangents of the lower wmtk 
In the lower [wece. the bottom tangent a*, as previously ctaled, 
iDcfitm coostileralily motv than <loes the upper tangent fr": whSe 
in (he upper [mc(v. the boltont tangeni r* inclines runotdetalily kn 
than the upper tangent J'. 

TV question may arisr: \\"hal catuea this! Is it for raiiatioa 
ill llie inclination of the tangrntt over the well-bole? It is simply 
oning to the tan);ent> U-ing tL<<«>l in liandniiling to si)UHre the joints. 

I'be tndinalion ol the Uxitkni tangent u' of the Uiltont wfralh 
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is cleariy shown in the diagram to be detennined by the inclination 
of the bottom flight. The joint at a" is made square to both the straight 
rail of the flight and to the bottom tangent of the wreath; the rail and 
tangent, therefore, must be equally inclined, otherwise the joint will 
not be a true butt-joint. The same remarks apply to the joint at 5, 
where the upper wreath is shown jointed to the straight rail of the 
upper flight. In this case, tangent d" must be fixed to incline conform- 
ably to the in- 
clination of the 
upper rail ; other- 
wise the joint at 
5 will not be a 
true butt-joint. 

The same 
principle is ap- 
plied in deter- 
inining the pitch 
or inclination 
over the crown 
tangents V and 
c^. Owing to the 
necessity of join t- 
ing the two 
wreaths, as 
shown at A, these 
two tangents 
must have the 

same inclination, and therefore must be fixed, as shown from 2 
to 4, over the crown of the well-hole. 

The tangents as here presented are those of the elevation, not 
of the face-mould. Tangent a" is the elevation of the side plan tan- 
gent a; tangents V and (f are shown to be the elevations of the plan 
tangents h and c; so, also, is the tangent d" the elevation of the side 
plan tangent d. 

If this diagram were folded, as Fig. 94 was shown to be in Fig. 
93, the tangents of the elevation — namely, a", h"^ cf, d" — would stand 
over and above the plan tangents o, 6, c, d of the well-hole. In prac- 
tical work, this diagram must be drawn full size. It gives the correct 




Fig. 96. Diagram of Tangents and Face-Mould for Sta*r witb 

Well-Hole at Upper Landing. 
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Level aurt One 




length to each tangent as required on tlie face-mould, iind furnishes 
also the data for the lay-out of the mould. 

Fig. 96 shows how to find the angle between the tangents of the 
face-mould for the bottom wreath, which, as shown in Fig. 95, is to 
span over the first plan quadrant a b. The elevation 
tangents a" and ft*, as shown, will be the tangents of the 
mould. To find the angle between the tangents, draw 
the Hue ah m Kg. 96; and from a, measure to 2 the 
length of the bottom tangent o" in Fig. 95; the 
length from 2 to h. Fig 96, will equal the length of 
the upper tangent h". Fig. 95. 

From 2 to 1, measure a distance equal to 3-1 in Kg. 
95, the latter being found by dropping a perpendicular 
from w to meet the tangent b" extended. Upon 1 , erect 
K^i^niAugied ^ perpendicular line; and placing the dividers on 2. 
extend to a; turn over to the perpendicular at a"; con- 
nect this point with 2, and the line will be the Iwttom tangent as 
required on the face-mould. The upper tangent will be the line 2-A, 
and the angle between the two lines is shown at 2. Make the joint 
at h square to 2-A, and at a" square to a"-2. 

The mould as it appears in Fig. 96 is complete, except the curve, 
which is comparatively a 
small matter to put on, as 
will be shown further on. 
The main thing is to find 
the angle between the tan- 
gents, which is shown at 2, 
to give them the direction to 
square the joints. 

In Fig. 97 is shown bow 
to find the angle between 
the tangents c" and d" 
shown in Fig. 95, as required ^^^' 
on the face-mould. On the 

line A-5, make k-A equal to the length of the bottom tangent of the 
wreath, as shown at A"-4 in FJg. 95; and 4-5 equal to the length of 
the upper tangent d". Measure from 4 the distance shown at 4-6 
in Fig 95, and place it from 4 to 6 as shown in Fig. 97; upon 6 erecta 
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perpendicular line. Now place the dividers on 4; extend to h; turn 
over to cut the perpendicular in h''; connect this point with 4, and the 
angle shown at 4 will be the angle required to square the joints of the 
wreath as shown at h" and 5, where the joint at 5 is shown drawn 
square to the line 4-5, and the joint at h^ square to the line 4 h''. 

Fig. 98 is a diagram of tangents and face-mould for a stairway 
having a well-hole 
at the top landing. 
The tangents in this 
example will be two 
equally inclined tan- 
gents for the bot- 
tom wreath ; and for 
the top wreath, one 
inclined andonelev- 
el, the latter align- 
ing with the level 
rail of the landing. 
The face-mould, 
as here presented, 
will further help 
toward an under- 
standing of the lay- 
out of face-moulds 
as shown in Figs. 96 

and 97. It will be observed that the pitch of the bottom rail is con- 
tinued from a'' to b^, a condition caused by the necessity of jointing the 
wreath to the end of the straight rail at a'^, the joint being made square 
to both the straight rail and the bottom tangent o'^. From b" a line is 
drawn to d", which is a fixed point determined by the number of risers 
in the well-hole. From point d", the level tangent d^ 5 is drawn in line 
with the level rail of the landing; thus the pitch-line of the tangents 
over the well-hole is found, and, as was shown in the explanation of 
Fig. 95, the tangents as here presented will be those required on the 
face-mould to square the joints of the wreath. 

In Fig. 98 the tangents of the face-mould for the bottom wreath 
are shown to be a" and fc". To place tangent a^ in position on the 
face-mould, it is revolved, as shown by the arc, to m, cutting a line 



Fig. 101. 
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Fig. 101. BotUnDStepswlt&OMnM- 




previously drawn from w square to the tangent ft* exlencIwL 'ITien, 
by connecting m to fe*, the bottom tangent ia placed in position on the 
face-mould. The joint at m i^ to be made .stiuarc to it; and tlie joint 
at e, the other end of the mould, is to be made s<juare to the tungent if. 
The upper piece of wreath in this 
example b shown to have tangent c" 
inclining, the inclination being the same 
as that of the upper tangent fr* of the 
bottom wreath, so that the joint at r", 
when mttde square to both tangents, 
will butt square when put logrthrr. 
The tangent d' is shown to be level, ao 
that the joint at 5, wbeo stguared with 
it, will butt squar^with the square end 
of the level-landing rail. The le^'cl tangetit is shon-n revolved to itai 
position on the face-mould, as from 5 to 2. In this last posdtkm, it 
will be obscn'ed that its angle with the inclined tangent <^ jj a right 
angle; and it should be remembered that in every similar nue where 
one tangent inclines and one b level 
over a square-angle plan tangent, the 
angle between the two tangents will 
be a right angle on the fitce-mould. 
A knowledge of this principle will en- 
able the student to draw the mould 
for tliis wreath, as shown in Fig. 99, 
by merely drawing two lines perpen- 
dicular to each other, as d' 5 and d' e", 
equal respectively to the level tangent 
dr 5 and the inclined tangent c" in Fig, 
98. The joint ut 5 b to l^e made 
square to d' 5; and that at c*, to rf* e*. 
Comparing this figure with the face- 
mould as shown for the upper wreath in Fig. 98, it will be ob«rrvM) 
that both are alike. 

In practical work the stair-builder is often callnl upon to deal 
with cases in which the cowlilions of tangents differ from all the 
examples thus far given. An instance of this sort is shown in Fig. 100. 
in which the angles between the tangents on the phui are acute. 
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Fig. 106. Wreath Twisted, Ready to be Moulded. 



In all the preceding examples, the tan- 
gents on the plan were at right angles; 
that is, they were square to one another. 
Fig. 100 is a plan of a few curved 
steps placed at the bottom of a stairway 
with a curved stringer, which is struck from 
a center o. The plan tangents a and b 
Pig. lOL cut^^wreath from ^^ ghown to form an acute angle with each 

other. The rail above a plan of this 
design is usually ramped at the bottom end, where it intersects the 
newel post, and, when so treated, the bottom tangent a will have 
to be level. 

In Fig. 101 is shown 
how to find the angle be- 
tween the tangents on the 
face-mould that gives tRem 
the correct direction for 
squaring the joints of the 

wreath when it is determined to have it ramped. This figure must 
be drawn full size. Usually an ordinary drawing-board will answer 
the purpose. Upon the board, reproduce the plan of the tangents and 
curve of the center line of rail as shown in Fig. 100. Measure the height 

of 5 risers, as shown in 
Fig. 101, from the floor line 
to 5; and draw the pitch of 
the flight adjoining the 
wreath, from 5 to the floor 
line. From the newel, 
draw the dotted line tow, 
square to the floor line; 
from w, draw the linewrrif 
square to the pitch-line b''. 
Now take the length of the 
bottom level tangent on a 
trammel, or on dividers if 
large enough, and extend 
it from n to m, cutting the 
"^^^^ swMPi^^b!^ '"^ Position, with line drawn previously from 




Fig. 108. 
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w, at m. Connect m to ft as shown by the line a'. The intcrswtioii 
of this line with b' determines the angle between tlie two tangents a* 
and f of the face-mould, which gives them the corir-ct dirwliim «» 
required on the face-mould for squaring the joints. The joint at m is 
made square to tangent a': nnd the joint st 't, to langrnt h". 

In Fig. 102 is presented an example of a few steps at the bottom 
of a staim-uy in w)iich the tangents of the plan form an obtuse angle 
with each other. The cHr\'e of the 
central hne of the rail in this i 
will be less than a quadrant, and, 
as shown, is struck from the center 
0, the cun'e covering the three first 
steps from the newel to the springing. 

In Fig. 103 is shown how to 
develop the tangents of the face- 
mould. Reprotluce the tangents and 





K V m; eon 

^L plan tan^ 



curve of the plan in full size. Fix point 3 at a heiglit equal to 3 
risers from tlie floor line; at this point place the pitch-board of the 
flight to determine the pilch over the cur\'e as shon-n from 3 thmticfa 
fc" to the floor line. From the newel, draw a line to le, sqiiatv lu 
the floor line; and from v, square to the pitch-hne b', draw ihc Uiw 
connect m to n. This last line is the devrlupmenl of ibr bottom 
plan tangent a; and the line b' is the devebpmeot of the pUn taogeni 
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b; and the angle between the two lines of and 6^ will give each line 
its true direction as required on the face-mould for squaring the joints 

of thewreatli, 

a d y as shown at 

m to connect 
square with 
the newel, and 
at 3 to con- 
nect square to 
the rail of the 
connecting 
flight. 

The wreath 
in t h i s e X- 
ample follows 

Pig. 109. Face-Mould and Bevel for Wreath, Bottom Tangent Level, xi.^ «^o: ««!;«« 

Top One Inclined. ine nosingiine 

of the steps 
without being ramped as it was in the examples shown in Figs. 100 
and 101. In those figures the bottom tangent a was level, while in 
Fig. 103 it inclines equal to the pitch of the upper tangent b^ and of the 
flight adjoining. In 
other words, the 
method shown in 
Fig. 101 is applied 
to a construction in 
which the wreath is 
ramped ; while in 
Fig. 103 the method 
is applicable to a Ground 
wreath following Lme 
the nosing line all 
along the cur\'e to 
the newel. 

The stair-build- 
er is supposed to 
know how to con- 
struct a wreath under both conditions, as the conditions are usually 
determined by the Architect. 




Fig. 110. Finding Bevels for Wreath with Two Equally 

Inclined Tangentc 
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The foregoing examples cover all condilions of tangents that 
are likely to turn upinpraclice.and, if dearly understood, willenaUe 
the student to lav out the 
face*moulds for all kinds 
of cun'cs. 

Bevels lo Square the 
Wreaths. The next 
process in the construc- 
tion of a wreath that the 
hundrailer will be called 
upon to perfonn,is to find 
the bevels that will, by 
being applied loeaehend 
of it, give ihecorrect angle 
to squoTf or iu-iil it when 
winding around the well- 
hole from one flight to 
another flight, or from 
a flight to a landing, as 
the case may be. 

The WTeath is first 
cut from the plank square to its surface 
After the application of the bcveb, it 
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shown in Rg. 1(M. 
twlitetl, as »howD 
in Fig, Ifti, rrady 
to he moulded; 

.and when in 
pmiilion, ajrenting 
from one riu] oftbe 
vMTvc tu lite uthrr 
end, over the in- 
eiined pUnc of the 
section uoiind tbc 
well-hole, \\a ■«)» 
will be plumb, as 
jkhown ill Fig. 106 
at h. In thu 6g- 
aUo in Fig. 105, the wrmth o lies in a horiionl«l pctntioa 
in which its sides appear to be out of plumb as much as the benb 
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Fig. 113. Finding Berel Wbere Upper Tangent Inclines Less 

Than Lower One. 



are out of plumb. In the upper part of the figure, the wreath 

6 is shown placed in its position upon the plane of the section, 

where its sides are seen to be plumb. It is evident, as 

shown in the 

relative posi- 

tion of the 

wreath in this 

figure, that, if 

the bevel is the 

correct angle 

of the plane of 

the section 

whereon the 

wreath 6 rests 

in its ascent 

over the well- 

hole, the 

wreath will in 

that case have its sides plumb all along when in position. It is for this 

purpose that the bevels are needed. 

A method of finding the bevels for all wreaths (which is considered 
rather difficult) will now be explained : 

First Case. In Fig. 107 is shown a case where the bottom 
tangent of a wreath is inclining, and the top one level, similar to the 
top wreath shown in Fig. 98. It has already been noted that the plane 
of the section for this kind of wreath inclines to one side only; therefore 
one bevel only will be required to square it, which is shown at d, 
Fig, 107. A view of this plane is given in Fig. 108; and the bevel d, 
as there shown, indicates the angle of the inclination, which also is 
the bevel required to square the end d of the wreath. The bevel is 
shown applied to the end of the landing rail in exactly the same manner 
in which it is to be applied to the end of the wreath. The true bevel 
for this wreath is found at the upper angle of the pitch-board. At the 
end a, as already stated, no bevel is required, owing to the plane 
inclining in one direction only. Fig. 109 shows a face-mould and 
bevel for a wreath with the bottom tangent level and the top tangent 
inclining, such as the piece at the bottom connecting with the landing 
rail in Fig. 94. 
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Seamd Case. It may be rcquirec! to find the bevels for a wrealli 
having two equally incline<I tangents. An example r)f tbis kind abn 
is shown in Fig. 94, where both the tangents c" and d' of the upper 




wreath incline equally. Two beveU are required in this case, 1 
the plane of the section is inclined in two directions; but, owing to the 
inclinations being alike, it follows that the two will be the same. 
They are lo be applied to bulb ends of the wreath, and, as shown in 
Fig 105, in the same direction — namrly, 
towaH the inside iif the nTeath for the bot- 
tom end, and toward llie outside for the upper 
en.]. 

In Fig. 1 10 the method of finding the brvek 

is shown. Alineisdrtiwnfrum iplo<^,at|tuire 

to (he pitch of the tangents, and lumnl orer 

lo the gniund line at A, which [mini is ruo- 

necled to a as shown. The berel is at A. 

To show tiutt e<|ual Iiitigents have eT|ttal 

bereb, the liite m is drun'n, having the amtat 

inclination a.-« the bottom tangent if. but in another direction. Ratv 

the dividers on u'. ami turn to touch the lines (T and «. as shown by 

Uw KOikiicie. 'Ilw line from o* to n b eqttal lo the side phn tangHil 
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w a, and both the bevels here shown are equal to the one already 
found. They represent the angle of inclination of the plane where- 
on the wreath ascends, a view of which is given in Fig. Ill, where 
the plane is shown to incUne equally in two directions. At both ends 
is shown a section of a rail ; and the bevels are applied to show how, 
by means of them, the wreath is squared or twisted when winding 
around the well-hole and ascending upon the plane of the section. 
The view given in 
this figure will en- 
able the student to 
understand the 
nature of the bevels 
found in Fig. 110 
for a wreath having 
two equally inclined 
tangents; also for 
all other wreaths of 
equally inclined 
tangents, in that 
every wreath in 
such case is assumed 
to rest upon an in- 
clined plane in its 
ascent overthe well- 
hole, the bevel in 
every case being the angle of the incUned plane. 

Third Case. In this example, two unequal tangents are given, 
the upper tangent inclining more than the bottom one. The method 
shown in Fig. 110 to find the bevels for a wreath with two equal tan- 
gents, is applicable to all conditions of variation in the inclination of 
the tangents. In Fig. 112 is shown a case where the upper tangent 
d'' inclines more than the bottom one c^. The method in all cases is 
to continue the Une of the upper tangent d'', Fig. 112, to the ground 
line as shown at n; from n, draw a line to o, which will be the horizon- 
tal trace of the plane. Now, from o, draw a Une parallel to a n, as 
shown from o to d, upon d, erect a perpendicular line to cut the tangent 
d'', as shown, at m; and draw the line m u o". Make u o" equal to 
the length of the plan tangent as shown by the arc from o. Put one 




Fig. 117. Upper Tangent Inclined, Lower Tangent Level, 

Over Acute* Angle Plan. 
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leg of the dividers on u; extend to touch the upper 'angent d', and 
turn over to I ; connect 1 to o"; the bevel at 1 is to be applied to tangent 
d". Again place the dividers on u; extend to the line A, and turn over to 
2 as shown; connect 2 to o", and the bevel shown at 2 will be the one 
to apply to the bottom tangent c". 
It will be observed that the line h 
represents the bottom tangent. It 
is the same length and has the same 
incUnation. An example of this 
kind of WTeath was shown in Rg. 
95, where the upper tangent d' is 
shown to incline more than the bot- 
tom tangent c" in the top piece ex- 
tending from A" to 5. Bevel 1, found 
in Fig. 112, is the real bevel for the 
end 5 ; and bevel 2, for the em! k" of the wreath shown from h* to 5 
in Fig. 95. 

Fourth Ca^e. In Fig. 113 is shown how to find the bevels for a 
wreath when the upper tangent inclines less than the bottom tangent. 
This example is the reverse of the preceding one; it is the condition 
of tangents found in the bottom piece of wreath shown in Fig. 95. 
To find the bevel, continue the upper tangent b" to the ground line, 
as shown at n; connect n to a, which will be the horizontal trace o( 
the plane. From o, draw a line parallel to n a, as shown from o to rf,* 
upon d, erect a perpendicular line to cut the continued portion of the 
upper tangent b" in m; from m, draw the line muo" across as shown. 
Now place the dividers on u; extend to touch the upper tangent, and 
turn over to 1 , connect 1 to o"; the bevel at 1 will be the one to apply 
to the tangent h" at h, where the two wreaths are shown connecteil in 
Fig. 95. Again place the dividers on u; extend to touch the line r,* 
turn over to 2; connect 2 to o"; the bevel at 2 is to be applied to the 
bottom tangent a" at the joint where it is shown to connect with the 
rail of the flight. 

Fifth Case. In this case we have two equally incHnei) tangents 
over an obtuse-angle plan. In Fig. 102 is shown a plan of this kind; 
and in Fig. 103, the development of the face-mould. 

In Fig. 1 14 is shown how to find the bevel. From a, draw a line 
to a', square to the ground line. Place the dividers on a'; extend to 
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touch the pitch of tangents, and turn over as shown to m; connect m 
to a. The bevel at m will be the only one required for this wreath, 
but it will have to be applied to both ends, owing to the two tangents 
being inclined. 

Sixth Case, In this case we have one tangent inclining and one 
tangent level, over an acute-angle plan. 

In Fig. 115 is shown the same plan as in Fig. 114; but in this 




Dlrectl-ng Ordi-nate 
Of 



Fig. 119. Laying Out Curves on Face-Mould with Pins and String. 

case the bottom tangent a" is to be a level tangent. Probably this 
condition is the most commonly met with in wreath construction at 
the present time. A small curve is considered to add to the appear- 
ance of the stair and rail; and consequently it has become almost a 
"fad" to have a little curve or stretch-out at the bottom of the stairway, 
and in most cases the rail is ramped to intersect the newel at right 
angles instead of at the pitch of the flight. In such a case, the bottom 
tangent a" will have to be a level tangent, as shown at a'^ in Fig. 115, 
the pitch of the flight being over the plan tangent b only. 
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To find (he bevels when Lmgent b" inclines ami tangent a' 
level, make a c in Fig. 116 equal to a c in Fig. 115. This line will be 
tlie base of the two bevel."). 
I'pon a, erect llie line awn 
at right angles to a c; make a 
w ecjunl toouj in Fig. 115; con- 
nect w and c; the bevel at w 
will be the one to apply to tan- 
gvnt 6" at n where the wreath 
i.s joined to the rail of the flight. 
Again, make a m in Fig. 116 
equal the distance shown in Fig. 
11.5 between w and m, which b 
the full height over which tan- 
gent b" is inclined ; connect m U> 
e in Fig. 116, and at m is the bevel to be applied to the level tangent a". 

Seventh Case. 
In this case, illus- 
trated in Fig. 117, 
the upper tangent 
b" is shown to in- 
cline, and the bot- 
tom tangent o" to 
be level, over an 
acute -angle plan. 
The plan here is 
the same as that in 
Fig. 100, where a 
cune is shown to 
stretch out from the 
line of the straight 
stringer at the bot- 
tom of a flight lo a 
newel, and is large 
enough to contam wream ot Fig. i 
five treads, which 
are gracefully rounded to cut the curve of the central line of rail in 
1 , 2, 3, 4. This curve also may be used to connect a landing rul to a 
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flight, either at top or bottom, when the plan Is acute-angled, as will 
be shown further on. 

To find the bevels — 
for there will be two 
beveb necessary for this 
wreath, owing to one 
tangent C being inclined 
and the other tangent a" 
bang level — make a c, 
Fig. 118, equal to a c in 
Fig. 117, which is a line 
drawn square to the 
ground line from the 
newel and shown in all 
preceding figures to have 
been used for the base 
of a triangle containing '"■---.-.-'' 

iV,^ hpvol Mnlcp nin in "«■ '"■ DoTOloped Section of Plane iDcUBlug Cn. 
ine oevei. IViaKe aw in equally in Two DlreeUons. 

F^. 118 equal to uo in 

Fig. 117, which is a line drawn square to the inclined tangent b' from 

w; connect -w and c in Fig. 1 18. The bevel shown at w will be the one 

to be applied to the joint 5 on tangent b". Fig. 1 17. Again, make a m 






^ 


^^ 


/Tread 


Y 


.^ 


^ 


\ 


^ 

^•"^t 




-jr-t-jr- 


a.-'' 





wltb Radtaa of O 



in Fig. 118 equal to the distance shown in Fig. 117 between the line 
representing the level tangent and the line m' 5, which is the hei^t that 
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lugeiit&"tasbDimto luc; connect nt torin Pig. US; llu! bevel sbciwn 
at ■ b to be applied to the end that intersects with the tuewrl as sbdwn 
at m in Fig. 117. 

The wrvatfa b shown developed in Fig. 101 for this case; so that, 
with Fig. 100 tor plan. Fig. )0I for thv drvclupcnent of the wrratfi, 
and Figs. 117 and IIS for finding the beveb, the method of handling 
an; nmilar ok in praclical work '■an h«- found. 

How (o Put (he Curves on the Face- Mould. It has b«-n shown 
hriw tci find llie 
engli> betwrvn the 
tangents o f the 
fact^-mould, and 
that the anglv U 
for the ptirpoae of 
sqnaring the joinu 
ut the ends of the 
wreath. In Fig. 
1 1 9 b shown bow 
to laj out the 
CUFTM by nMautt 
of pins and a 
siring — a TrfT 
romnion pnu-iitv 
among stair-iiuikU 
<-rs. In ihia 

mouM has equal 
tangent.i as shown 
at r" and d'. Tlie angle between the two (angenis is sho«Ti at m as it 
will Im' n-iiuirt\l on the fan—niould. In thb figure a line b <lrawn 
fmiii rrijiaralleUoihe line drawn fruniA.which is markM in the diagram 
lis "lUn-ciing Onlinale of Section." The line drawn from m •■ill 
(MnCiin tin- iniimr axi-s; and a line drawn through the f«n»er of the 
st-('iit>ii lit ;t will (iiiu;iin the major a.\t-s of the ellipses thai will eonsti- 
tute the iiinrs of the mould. 

The maji'T is to In- drawn square to the mfnor, as shown. Place, 
from [H>inl ;t, the linlo shown on the minor, ut the same distanre as 
the ein-le in the plan is fixed from the point o. The diameter 
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of this drcle indicates the width of the curve at this point. The width 
at each end is detennined by the bevels. The distance a 6^ as shown 




Riser 



FlflT. 1S5. Arrangement of Riners around Woll-Hole, with Risers Spaced 

Full Width of Tread. 

upon the long edge of the bevel, is equal to \ the width of the mould, and 
is the hypotenuse of a right-angled triangle whose base is \ the width of 
the rail. By placing this dimension on each side of n, as shown at 6 
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FIff. IMu Plan of Stair 
Shown in Fig. 1S8. 



Fig. 127. Plan of Stair 
Shown In Fig. 124. 



Fig. 128. Plan of Stair 
Shown in Fig. 125. 



and 6, and on each side of h" ovl the other end of the mould, as shown 
also at 6 and 6, we obtain the points 6 2 6 on the inside of the curve, and 
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the points bib on the outside. It will now be necessary' to find the 
elliptical curves tliat will contain these points; and before this can be 
done, the exact length of the minor and 
major axes respectively must be deter- 
mined. The length of the minor axis 
for the inside curve will be the dis- 
tance shown from 3 to 2; and its length 
for the outside mil be the distance 
shown from 3 to 1. 
To find the length of the major axis , 
-'Board for the inside, take the length of half the 
minor for the inside on the dindcrs: 
place one leg on 6, extend to cut the 
^^-i?- pra*iQB.P?cfr Mould major in z, continue to the minor as 

for Wreatb from Pllch-Uonrd. J ' 

shown at k. The dbtance from o to 4 
will be the length of the semi-major axis for the inside curve. 

To draw the curve, the points or foci where the pins are to be 
fixed must be found on the major axis. To find these points, tuke 
the length of bk (which is, as previously found, the e.xact length o( 




r 'WreaUi Oanneetlng Sail 



the semi-major for the inside curve) on the dividers; fix one leg at % 
and describe the arc Y, cutting the major where the pins are shown 
fixed, at and o. Now take a piece of string long enou^ to form a 
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loop around the two and extending, when tight, to 2, where (he pencil 
is placed ; and, keeping the string tight, sweep the curve from btob. 
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FIk. 111. ArranglnB Rliwn Ii 

Qturtflr-Turti briwwn 

Two FllgbCik 
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The same method, for finding the major and foct for the outside 
curve, is shown in the diagram. The line drawn from b on the outside 
of the joint at n, to w, is the serai-major for the outside curve; and the 
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points where the outside pins are shown on the major will be the foci. 
To draw the curves of the mould according to this method , which 



itific one, may scvm a compUoitLtl prolilm); but uurr il b 
id, it btvoinrs wt^* simplt-. A simpler vny lu dnw thrta, 
however, la shonti in tig. ]20. 

Ttic width on the minor and at cMch end 
nitl have to be determined by the method jtist 
. ^^^ vxpliincd in connection with Fig. 1 19. In 

Vig ISO, the points b nt the ends, nnd the points 
in which Ihc circumfi-rence of the circkr ruts 
the minor axis, will he points contuinr«l lo 
the currcs, as iJr-4«uj « * ' ' 'lov take a flexible lath; bend it 
to touch h, z, and b e, and b, w, «n«l b for ihr outside 

curve. This mcll the cwn,-c is comparativelv' fhu, 

u in the example i >wii: dui wnere the mould has a sharp curt»> 



l^r^\u 




tiirc. as in cnso of the one shown in Fip. 101 . the inedioil shown in Fig, 
lli>nHist UMuUifn-.! to. 

With n clfiir knowU>dp' of thi' idiovo two methoils, the slu<lrot 
will U' idili- to put cnncs on »n\- iiionld. 

Till' mould shuwii in dnvsc two iliiigranis, Fit:s. 119and \'X. is 
for du- ii]i|nT wnatli. extfiulinj; fnmi h to fi in Fig. <M \ pncUcmi 
hatulmiler wiiuld ilruw onlv what is shown in Figl 120. He would 
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take the lengths of tangents from Fig. 94, and place them as shown 
at Am and mn. By comparing Fig. 120 with the tangents of the 
upper wreath in Fig. 94, it will be easy for the student to understand 





Flff. 135. Arrangement of Risers in 
Stair with Obtuse- Angle Plan. 



Fig. 136. Arrangement of Risers in Obtuse- 
Angle Plan. Giving Equal Pitch over Tan- 
gents and Flights. Face-Mould I>evelox)ed. 



Landing 



the remaining lines shown in Fig. 120. The bevels are shown applied 

to the mould in Fig. 105, to give it the twist. In Fig. 106, is shown how, 

after the rail is twisted and 

placed in position over and 

above the quadrant cd in 

Fig. 94, its sides will be 

plumb. 

In Fig. 121 are shown 
the tangents taken from 
the bottom wreath in Fig. 
95 It was shown how to 
develop the section and 
find the angle for the tan- 
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Sents in the face-mould. Fig. 187. Arrangement of Risers in Flight with 
^ Curve at Landing. 

m Fig. 113. The method 

shown in Fig. 1 19 for putting on the curves, would be the most suitable. 

Fig. 121 is presented more for the purposes of study than as a 

method of construction. T^. contains all the lines made use of to find 
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the developed section of a plane incliniDg unequally in two diffennt 
directions, aa shown in Fig. 122. 

Arrangement of Risers in and around M'cU-Hole. An imporiaol 
is to have a knowledge of bow to 
arrange tlie risers in and around a 
well-bole. A great deal of labor 
and material is .saved thntdf^ it; 
also n far better appenrance to the 
fitiisbed rail may be .tecuml. 

In levfl-knding stairways, the 

easiest example lh the ottc shown 

in Fig. 123, in which the radius of 

the central line of nul 'a made 

equal to one-bulf the width of a tread. In the diof^m tbe radius is 

shown to be a inches, and the treads 10 inches. The risers arc placed 

in the springing, as at a and a. Tlie elevation of the tangents by this 

arrangement will be, as shown, one level and one inchneit, fur mm4) 

piece of n'R-uth. When in tlii.i position, there is no trouble tn finding 

the angle of the tangent as require«l on the face-mould, owing to thai 

angle, as in ever}' such case, being a right angle, as shown at w; also 

BO special bevel will have to be found, because tlie upper bevel of tbe 

pildt4ioanJ contains tbe angle reqinred. 

Tbe same results are obtainetl in the example shown in Fig. 
124. in wlud) the radius of the well-hole is larger than half lb« wiilth 
of a tirad, by placing the riser a at a di.stanoc from c equal to half 
tbe width of a tread, instead of at the springing as in the pieoedtai 
example. 

In Fig. 125 b shown a case where the risers are plaoed at a dis- 
tance from r equal to a full tread, the effect in respect to tbe tangents 
of the face-mouki and bevel being the same as in the two peecediog 
examples. In Hg. 126 is shown tlie plan of Fig. 123; in fig. 127. 
the plan of Fig. I2-Ii and in Fig. 128, the plan of Fig. 125. Par tbe 
wreaths shown in all these figures, there will be no neconty of frim^ 
mg the plank, which » a term used in bandrailing to denote the 
twisting of tbe «-n-ath: and no other bevel than the one at the uppef 
end of the pitch-boanl will be re<)uired. This type of wreath, abo, 
is the one that is required at the top of a landing when the rail of the 
flight intersects with a level4anding rail. 
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In Fig. 129 is shown a very simple method of drawing the face- 
mould for this wreath from the pitch-board. Make a c equal to the 
radius of the plan central line of rail as shown at the curve in Fig. 130. 
From where line cc/' cuts the long side of the pitch-board, the 
line c^ a^ is drawn at right angles to the long edge, and is made 
equal to the length of the plan tangent a c, Fig. 130. The curve is 
drawn by means of pins and string or a trammel. 

In Fig. 131 is shown a quarter-turn between two flights. The 
correct method of placing the risers in and around the curve, is to put 
the last one in the first flight one-half a step from springing c, and 
the first one in the second flight one-half a step from a, leaving a space 
in the curve equal to a full tread. By this arrangement, as shown 
in Fig. 132, the pitch-line of the tangents will equal the pitch of the 
connecting flight, thus securing the second easiest condition of tan- 
gents for the face-mould — namely, as shown, two equal tangents. 
For this wreath, only one bevel will be needed, and it is made up of 
the radius of the plan central line of the rail o c, Fig. 131, for base, 
and the line 1-2, Fig. 132, for altitude, as shown in Fig. 133. 

The bevel shown in this figure has been previously explained in 
Pigs. 105 and 106. It is to be applied to both ends of the wreath. 

The example shown in Fig. 134 is of a well-hole having a riser 
in the center. If the radius of the plan central line of rail is made 
equal to one-half a tread, the pitch of tangents will be the same as 
of the flights adjoining, thus securing two equal tangents for the two 
sections of wreath. In this figure the tangents of the face-mould are 
developed, and also the central line of the rail, as shown over and 
above each quadrant and upon the pitch-line of tangents. 

The same method may be employed in stairways having obtuse- 
angle and acute-angle plans, as shown in Fig. 135, in which two flights 
are placed at an obtuse angle to each other. If the risers shown at 
a and a are placed one-half a tread from c, this will produce in the 
elevation a pitch-line over the tangents equal to that over the flights 
adjoining, as shown in Fig. 136, in which also is shown the face-mould 
for the wreath that will span over the curve from one flight to another. 

In Fig. 137 is shown a flight having the same curve at a landing. 
The same arrangement is adhered to respecting the placing of the 
risers, as shown at a and a. In Fig. 138 is shown how to develop the 
face-moulds. 
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THE STEEL SQUARE 

INTRODUCTORY' ^VV . v .- >.a s , t \ . -^ 

The Standard Steel Square has a blade 24 inches long and 2 
inches wide, and a tongue from 14 to 18 inches long and 1 i inches wide. 

The blade is at right angles to the tongue. 

The face of the square is shown in Fig. 1. It is always stamped 
with the manufacturer's name and number. 

The reverse is the back (see Fig. 2). 

The longer arm is the blade; the shorter arm, the fongue. 

In the center of the tongue, on the face side, will be found two 
parallel lines divided into spaces (see Fig. 1); this is the octagon scale. 

The spaces will be found numbered 10, 20, 30, 40, 50, 60, and 70, 
when the tongue is 18 inches long. 

To draw an octagon of 8 inches square, draw a square 8 inches 
each way, and draw a perpendicular and a horizontal line through 
its center. 

To find the length of the octagon side, place one point of a com- 
pass on any of the main divisions of the scale, and the other point of 
the compass on the eighth subdivision; then step this length off on each 
side of the center lines on the side of the square, which will give the 
points from which to draw the octagon lines. 

The diameter of the octagon must equal in inches the number of 
spaces taken from the square. 

On the opposite side of the tongue, in the center, will be found 
the brace nde (see Fig. 3). The fractions denote the ri^e and run of 
the brace, and the decimals the length. For example, a brace of 36 
inches run and 36 inches rise, will have a length of 50.91 inches; a 
brace of 42 inches run and 42 inches rise, will have a length of 59.40 
inches; etc. 

On the back of the blade (Fig. 4) will l)c found the board measure, 
where eight parallel lines running along the length of the blade are 
shown and divided at every inch by cross-lines. Under 12, on the 
outer edge of the blade, will be found the various lengths of the boards, 
as 8, 9, 10, 11, 12, etc. For example, take a board 14 feet long and 9 
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Side for any Poly- 
gon. « ith the Sl^ 
Square. In Fig. 3 
b dbovn a [n iilmm figuic- 7^ miters of the pentugon stand at 
73 drgnes vitfa cadi otb^, and are found bj' dividing 300 bv 5, the 
s in tbe pentagcm. But the angle when applied to the 
) the BUlcr, b ootr one-Jialf of 72, or 3G 
degives, and intersects the blade at S)j, as shown in Fig. 5. 
By sqnaring op from 6 on the tongue, intersecting 
the degree tine at a, the 
center a b determined 
either for tbe inscribed 
or the drcumacribed di- 
ameter, the radii being 
a f and a e, respec- 
tively. 

The length of the 
ndes will be 8}f inches 
to the foot 

If the length of thu 
inscribed diameter be 8 
ftrt, llifii the sides would 
U6X8f| inches. 
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The figures to use for other polygons are as follows: 

Triangle 20|1 
Square 12 > 

Hexagon 7 

Nonagon 4| 

Decagon 3J 

In Fig. 6 the same process is used in finding the 
miter and side of the hexagon polygon. 

To find the d^ree line, 360 is divided by 6, the num- 
ber of sides, as follows: 
360 -^ 6 = 60; and 
60 -5- 2 =- 30 degrees. 

Now, from 12 on 
tongue, draw a line 
making an angle of 30 
degrees with the tongue. 

It will cut the blade in ^. | . | . | . | .^J^hlTl 

7 as shown; and from 7 

to m, the heel of the 

squares, will be the length 

of the side. From 6 on 

tongue, erect a line to 

cut the degree line in c; and with c as center, describe a circle having 

the radius of c 7; and around the circle, complete the hexagon by 

taking the length 7 m with the compass for each side, as shown. 

In Fig. 7 the same process is shown applied to the octagon. The 
degree line in all the polygons is found by dividing 300 by the number 
of sides in the figure: 

360 -fr 8 = 45; and 45 -^ 2 =- 22i degrees. 
This gives the degree line for the octagon. G)mplete the process as 
was described for the other polygons. 

By using the following figures for the various polygons, the miter 
lines may be found; but in these figures no account is taken of the 
relative size of sides to the foot as in the figures preceding: 

Triangle 7 in. and 4 in. 
Pentagon 11 " " 8 " 
Hexagon 4 " " 7" 

Heptagon 12i " " 6" 



Fig. 7. Use of Steel Square to Find Miter and Side 

of Octagon. 
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OctagoD 17 in. and 7 in. 
Ncmagim 22} " " 0" 
Daagni 9i" " 8" 
r b to be.dimvn along du Une of die fint eobuDn, u dwMi 
■ ^ for the triai^ in 

Fig. Si an^ far Ak 
heiagoft In Kg-S. 
In Kg. 10 b 
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for ibding depcM 
oattKiqaavb Fur 
tumpCfjIt ft |>ln 
of 36 (kgmt ii ■>• 
qimed, uae 8|| on 
tongue and If on 

on 12 cm tongw 

ng.& TTwi nf ngain tn rtnfl MIMr nf n^nnitiril Ttlmiilo *'"' ^ ""^ nde; 

' ete 
In Fig. 11 is shown the reladve lengdi of run for a raft^ and a 
hip, the rafter being 12 inches and the hip 17 inches. The reaaon, as 
shown in this diagram, why 17 is 
taken for the run of the hip, in- 
stead of 12 as for the common 
rafter, is that the seats of the com- 
mon rafter and hip do not run 
parallel with each other, but di- 
verge in roofs of equal pitdi at an 
angle of 45 degrees; therefore,17 
inches taken on the run of the hjp 
is equal to only 12 inches when 
taken on that of the common 
rafter, as shown by the dotted 
line from heel to heel of the two 
squares in Fig. 11. 

In Fig. 12 is shown how 
other figures on the square may be 
found for comers that deviate from the 45 degrees. It is shown that 
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for a pentagon, which makes a 36-degree angle with (he plate, the 
figure to be used 
on the square for 
run is 14^ inches; 
tor a hexagon, 
which makes a, 
30-degree angle 
with the plate, 
the figure will be 
13^ inches; and 
for an octagon, 
which makes an 
angle of 22^ de- 
grees with the 
plate, the figure 
to use on the 
square for run 
of hip to corre- 
spond to the run 
of the < 




Ftg. la Diagram for Plndlng Pitches or Varlona DegreM 



by UeaDS ol tbe Steel Square. 

rafters, will be 13 inches. It will be observed that the height in each 
case is 9 inches. 

Fig. 13 illustrates a 
method of finding the 
relative height of a hip 
or valley per foot run to 
that of the common raf- 
ter. The square is shown 
placed with 12 on blade 
and 9 on tongue for the 
common rafter; and 
shows that for the hipthe 
rise is only 6 jV inches. 

The Steel Square as 
Ai^lied in Roof Fram- 
ing. Roof framing at 
present is as simple as it 

possibly can be, so that any attempt at a new method would be super- 
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fluous. There may, however, be a certain way of presenting the sub- 
jeet that will carry with i( almost the weight assigned to a new theoiy, 
making what is aln^ady simple still more simple. 

The steel square is a mighty factor in roof framing, and without 
doubt the greatest tool in practical potency that ever was invented 




Pig. 19. Use of Square to DetermtiietjeliKllioritaBIOTRafMraaiiComan 

Other than W. 



for the carpenter. With its use the lengths and bevels of every piece 
of timber that goes into the construction of the most intricate design 
of roof, can easily be obtained, and that with but very little knowledge 
of lines. 

In roofs of equal pitch, as illustrated in Fig. 14, the steel square 
ii all that is required if one properly understands how to handle it 
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What is meant by a pitch of a roof, is the number of inches it 
» to the foot of run. 
In Fig. 15 is shown the steel square with figures representing 






lig. It. HMbod ot FlQdlnK Relative HalRbt of Hip or Vallayper Foot ot Bun 
to that of Common Rafier. 

the various pitches to the foot of nm. For the i-pitch roof, the figures 
as shown, from 12 on tongue to 12 on blade, arc those to be used on 
the steel square for the common rafter; and for ^ pitch, the figures to 
be used on the square will be 12 and 9, as shown. 




To understand this figure, it is necessaiy only to keep in mind 
that the pitch of a roof is reckoned from the span. Since the run in each 
pitch as shown is 12 inches, the span is two times 12 inches, which 



eqoab 24 indies; benee, 12 OD Made to icpt^iait die fsot mn, and 18 
tm tongue to wpwcnt file risB over \ <3ae Bfma, will be Ifae figim on 
file aquaie for a Vjpitdi iDol. 

' Fcur fin } pitdi, fiie figwes aic abmm to be 12 on toi^iie and S 
on blade. 9 beiog } (rf fiie tipta, 24 indies. 

Hie same ide tf^ilics to all fiie ]HtduB. Hie 1 pitdi is diown 
to rise 4 indies to file foot flf nm, becMue 4 indei is t of die spaa, 34 
indies, file i iMtdi ia dwiRi to rise 8 indies to dw foot flf nin, because 

8 indies is i of dw iqMn, 24 Indies; ete. 

The rool idemd to in fIgL 16 and 17 is to 
rise indies to die loot of nm; it is fiicfrfne a 
l^tdiroot. For aO file cnnioonraflieis, the fig- 
loes to be used on file sqnare wiD be 12 m Hade 
to icinesent die nui, and 9 on tongue to iqifcsent 
tbb rise to the totrt of run; and f(» all the hips 
ud vsDcijrs, 17oabUdetoiq>Rsentfiienin,and 

9 on tongue to zepzesent the rise ai tbeiocrftothe 
foot of run. 

Why 17 icfuvsents the mn fm all die hips 
and vatleyS) will be understood by examining 
Fig, 19, in which 17 is shown to be the diag- 
onal of a foot square. 
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In equal-pitch roofs the 
comers are square, and the 
plan of the hip or valley will 
always be a diagonal of a 
square corner as shown at 1, 2, 
3, and 5 in Fig. 14. 

In Fig. 18 
are shown ^ 
pitch, f pitch 
and i pitch over 
a square comer. 

The figures to be used on the square for the hip, will be 17 for 
run in each case. For the J pitch, the figures to be used would be 
17 inches nm and 4 inches rise, to correspond with the 12 inches run 
and 4 inches rise of the common rafter. For the J pitch, the figures 
to be used for hip would be 17 inches run and 9 inches rise, to cone- 
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spond with the 12 inches run and inches rise of the common rafter; 
and for the J pitch, the figures to be used on the square will !« 17 
inches run and 12 inches rise, to correspond with the 12 inches run 
and 12 inches rise of the common rafter. 

It will be ol)serve<l from above, that in all cases where the plan 
of the hip or valley is a diagonal of a square, the figures to he used on 



.Heel Cut 



Top cut fqr lafteln. 
CoT >-i TT>on ■ Rafter 




fig. 19. Melbod of I.aylDg Out Common Rafters ' 



the square for run will be 17 inches; and tor the rise, whatever tlie roof 
rises to the foot of run. It should also be remembered that this is the 
condition in all roofs of equal pitch, where the angle of the hip or 
valley is a 45-<legree angle, or, in other words, where we have the 
diagonal of a square. 

It has been shown in Fig. 12 how other figures for other plan 
angles may be found; and that in each case the figures for run vary 



Heel cut of hip 
/hip 



T op cut for i3ft.efn.T\jr of hipj 




Top cut for laftTun of Kfp 

Fig. IT. Method Of LarlngOncHlpB&nd VallersoC a H-Pitcb Roof. 

according to the plan angle of the hip or valley, while the figure for the 
height in eaeh ease is similar. 

In Kg. 14 are shown a variety of runs for common rafters, but 
all have the same pitch ; they rise inches to the foot of run. The main 
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toot is afaown to have a span of 27 feet, which makes the run of tbe 
caminon nft«r 13 feet 6 inches. The nin of the front wing i.1 siwim 
to be 10 feet 4 inches; and the run of llie small gable at the left comer 
of the front, b shown to be 8 feet. 

The diTiersity exhibite<] in the runs, and especially the fmctiooal 
put of a foot shown in t%~o of them, will atfonl an opportunity' Ut In»l 
of the main diffirulties in laying out mof timlien in roofs of equal 
pitcfa. Let it be detemuDcd to have a rise of inches to the fool of 
run; and in (his coance> 
tjon it may be well in rr- 
tnemlxT lliat llic propor^ 
tional rise to the fool run 
fur roofj of npial [ntcli 
inakcs not the Iea.st dif- 
ference in tile method of 
treatment. 

Tn layout ihe commoD 
riiftcrs for Ihe main roof. 
which has n runof 13 feet 
Hinc'hes.proceedas^iowii 
in Vin- l(i. 

Take 12 on the bbde 
hikI 9 on the tongue, and 
step 13 tiniej along tbe 
rafter timlNrr. This wiD 
give the length of raftt-r 
for 13 feet of run. Id 
this example, however, 
there is another uidhes 
of run to cover. For Ihu additional length, take (i indws on the blade 
(it being ) a fool run) for run, and lake J of 9 on the tongue (whidi is 
1) indies), and step one time. Tliis, in addition to what ha.1 altvadj 
been found by stepping 13 times vith 12 and 9, will give Ihe full leoftb 
of the rafter. 

The aquan' with 12 on blade and 9 on tongue wtU give the bMl 
and plumb cuts. 

iVnoiher incthn.1 of finding the length of mfu-r for the fi inrhn 
is shown in Vig. 16, where the wguare is shown applied to the rmfter 
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timber for the plumb cut. Square No. 1 is shown applied with 12 on 
blade and 9 on tongue for the length of the 13 feet. Square from this 
cut, measure 6 inches, the additional inches in the run; and to this 
point move the square, holding it on the side of the rafter timber 
with 12 on blade and 9 on tongue, as for a full foot run. 

It will be observed that this method is easily adapted to find any 
fractional part of a foot in the length of rafters. 

In the front gable. Fig. 14, the fractional part of a foot is 4 inches 
to be added to 10 feet of run; therefore, in that case, the line shown 
measured to 6 inches in Fig. 16 would measure only 4 inches for the 
front gable. 

Heel Cut of Common Rafter. In Fig. 16 is also shown a method 
to lay out the heel cut of a conmion rafter. The square is shown 
applied with 12 on blade and 9 on tongue; and from where the 12 on 
the square intersects the edge of the rafter timber, a line is drawn 
square to the blade as shown by the dotted line from 12 to a. Then 
the thickness of the part of the rafter that is to project beyond the 
plate to hold the cornice, is gauged to intersect the dotted line at a; 
and from a, the heel cut is drawn with the square having 12 on blade 
and 9 on tongue, marking along the blade for-the cut. 

The common rafter for the front wing, which is shown to have 
a run of 10 feet 4 inches, is laid out precisely the same, except that 
for this rafter the square with 12 on blade and 9 on tongue will have 
to be stepped along the rafter timber only 10 times for the 10 feet of 
run; and for the fractional part of a foot (4 inches) which is in the run, 
either of the two methods already shown for the main rafter may 
be used. 

The proportional figures to be used on the square for the 4 inches 
will be 4 on blade and 2 J on tongue; and if the second method is used, 
make the addition to the length of rafter for 10 feet, by drawing a 
line 4 inches square from the tongue of square No. 1 (see Fig. 16), 
instead of 6 inches as there shown for the main rafter. 

Hips. Three of the hips are shown in Fig. 14 to extend from 
the plate to the ridge-pole; they are marked in the figure as 1, 2, and 
3 respectively, and are shown in plan to be diagonals of a square 
measuring 13 feet 6 inches by 13 feet 6 inches; they make an angle, 
therefore, of 45 degrees with the plate. 
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IS it has t»«D ibown tbst a hip standing at an aa^ of 
n& ibe platr will barr a run of 17 inrltc« for c^-rtr foot 
cnaiBoa nltrr. Tfaerefon', to lay nut the hips, tbr figures 
IR «in be 17 for run «»t] 9 for rise; nnl Ijy etrppia^ 13 
the li^ nfter timber, the length of hip for 1.1 fv«t of ran 
Tbr Wn^ for ihr addittunul 6 iiu-hcs in the ran mar 
r aqnaring a ijistance of K) ioche<i, as shown in Fig. 17. 
from the tongue of thr siaaiv, and 
nioTing M]uarc No. 1 aloog the rdgr 
"' •>— tiinlvr, hoWing the blatk oo 
A tongue on 9, and wi«*^wg 
unib cut when: the (totted line 



^ig. IS is shovm Iww to find the 

I .'e run length of a pottinn of a 

I (vm-j^pciml to that of a Frac- 

ti part of a foot in the lenglb 

ot c ronitnoii rafter. Fiom IS 

inc-l (, mcaaurc aloo|j the nm of 

thu oinmon rafter (i int-hri, and 
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rif. t*. naormai .Qka«lBt RolutT* 
L*itffUu ut Kiw )'« lllp* and 



dmp a line to cut the diapmal liae 
in m. Fmni ni to a, aUmg thr diagoniil Utic, witl be the rcUtin nio 
K'li^ili I'f tilt- part of hip to corrcsixind with C inches run of the commoD 
nftcr. ami it measures S\ inches. 

The s;iiiu' n-siili.s may be obtained by the following method of 



ti.'iit 



As 1L':17 



iL'ilt): 



s - (J « s\ 
In i'ij;. li' is shown a l2-iiKli,s(Hian', 
till' iliiipmal III k-inn 17 inches. Ity 
dniwiiij,' hnc.s fitiin Ihc biisc a b In cut tlic 
iliap>rial line, the [Kirt of Ihc hip lo airn-- 
s|Mmil to lliat i)f tlie eointiion rafter will l« ""'^^J, 
indicated on the line 17. In this fifjiire 

it is showTi that a Ti-iiicii run on a h, which represents the ran of a 
foot of a c()nuni>n rafter, will liavc a com'sjKirKling length of 8i 
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inches run on the line 17, which represents the plan line of the hip or 
valley in all equal-pitch roofs. 

In the front gable, Fig. 14, it is shown that the run of the common 
rafter is 10 feet 4 inches. To find the length of the common. rafter. 





Fig. 21. Comer of Square Bulldixig, Show- Fig. 23. Comer of Square Building. Show- 
ing Plan Lines of Plates and Hip. lug Plan Lines of Plates and Valley. 

take 12 on blade and 9 on tongue, and step 10 times along the rafter 
timber; and for the fractional part of a foot (4 inches), proceed as was 
shown in Fig. 16 for the rafter of the main roof; but in this case measure 
out square to the tongue of square No. 1, 4 inches instead of 6 inches. 
The additional length for the fractional 4 inches run can also be 
found by taking 4 inches on blade and 3 inches on tongue of square, 
and stepping one time; this, in addition to the length obtained by 



Heel cut of Valley 




Fig. 23. Use of Square to Determine Heel Cut of Valley. 

stepping 10 times along the rafter timber with 12 on blade and 9 on 
tongue, will give the full length of the rafter for a run of 10 feet 4 inches. 
In the intersection of this roof with the main roof, there are shown 
to be two valleys of different lengths. The long one extends from the 
plate at n (Fig. 14) to the ridge of the main roof at m; it has therefore 



857 



THE STEEL SQUARE 



iS run of 13 feet 6 inches. For Uie length, proceed as for (he hips, by 

taking 17 on blade of the squiire and 9 on longue, and stepping 13 
'limes for the lengtli of the 13 feet; and for the fractional 6 inches, 
I proceed precisely as shown in Fig. 17 for the hip, by squaring out from 

die tongue of square No. 1, Si inches; this, in addition to the length 

. obtained for the 13 feet, will give the full length of the long valley n m. 

Tlie length of the short valley a c, as shown, extends over the 

run of 10 feet 4 inches, and butts against the side of the long valley at c. 

By taking 17 on blaile and 9 on tongue, and stepping along tlic rafter 
lumber 10 times, the length for tlie 10 feet is found; and for the 4 

inches, measure 5| 
I ■ // inches square from 

^^^^ V~^ / / the tongue of 

^^^^L - ^/ square No. 1 , in 

^^^^H y - ^ \ the manner sliown 

^^^^^ /\/^ m .. „. ^- in Fig, 17, where 

■ / X - /B^^^' 'o fit f^'P* 

W / /\ - ^qainat a deep the SJ inches is 

I A/ : roof or Tidgeboard shown added for 

P /^/^ ^ ^^ ^ inches addi- 

tional run of the 
iniiin roof for the 
hips. 

The length 5| is 
found as shown in 
Fig. 20, by meas- 
uring 4 inches from 
a to m along the run 
of common rafter for one foot. Upon m erect a line to cut the seat of 
the valley at c; from c to a will be the run of the valley to correspond 
wkh 4 inches run of the common rafter, and it will measure 5f inches. 
How to Treat the Heel Cut of Hips and Valleys. Having found 
the lengths of the hips and valleys to correspond to the common rafters, 
it will be necessaiy to find also the thickness of each above the plate 
to correspond to the thickness the common rafter will be above the 
plate. 

In Fig, 21 is shown a comer of a square building, showing the 
plates and the plan tines of a hip. The length of the hip, as already 
found, will cover the span from the ridge to the comer 2; but the sides 
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of the hip intersect the plates at 3 and 3 respectively; therefore the 
distance from 2 to 1, as shown in this diagram, is measured backwards 
from a to 1 in the manner shown in Fig. 17; then a plumb line is drawn 
through 1 to m, parallel to the plumb cut a-17. From m to o on this 
line, measure the same thickness as that of the conm[ion rafter; and 
through o draw the heel cut to a as shown. 

In like manner the thickness of the valley above the plate is found ; 
but as the valley as shown in the plan figure, Fig. 22, projects beyond 
point 2 before it intersects the outside of the plates, the distance from 
2 to 1 in the case of the valley will have to be measured outwards from 
2, as shown from 
2tol in Fig. 23; 
and at the point 
thus found the 
thickness of the 
valley is to be 
measured to cor- 
respond with 
that of the com- 
mon rafter as 
shown at m n. 

In Fig. 24 is 
shown the steel 
square applied to 
a hip or valley 
timber to cut the 
bevel that will 

fit the top end against the ridge. The figures on the square are 17 
and 19}. The 17 represents the length of the plan line of the hip 
or valley for a foot of run, which, as was shown in previous figures, 
will always be 17 inches in roofs of equal pitch, where the plan lines 
stand at 45 degrees to the plates and square to each other. 

The 19} taken on the blade represents the actual length of a hip 
or valley that will span over a run of 17 inches. The bevel is marked 
along the blade. 

The cut across the back of the short valley to fit it against the 
side of the long valley, will be a square cut owing to the two plan lines 
being at right angles to each other. 




^t,l 1 1 1 1 1 1 1 1-^ i>i 1 1 1 M 1 1 1 1 1 




x* Bevel tofltbacK 
f of jacks against 
hip or valley 



Fig. 25. Steel Square Applied to Jack Rafter to Find Bevel for 
Fitting against Side of Hip or Valley. 



859 



18 



THE STEEL SQUARE 



In fig. 25 is shn^ii the steel square npplied to a jack rafter to 
cut the back bevel, to fit it against the side of a hip or valley. The 
figurexm the square are 12 on tongue and 15 on blade, the 12 rq>r^ 
smliiig a l&ot run of a common ratter, and the 15 the length of a . 
ntta Hbai will span over a foot run; marking along the 
blade will gm the berd- 

IIk rule in Cray euie to find dw badjievd Ibr jadn in 
toc^ofequaliatGli, is to take 12 on die (oogoe tOTepnaait 
die foot run, and the kngtfi of the niter lor a foot (rf nut oa 
die Uade, maridi^ clong the blade in eadli case fw 
herd. 

In a i-pitdi nof , i^ddi ia the 
most common in all patti of dke •, - 

cotmtiy, the leagdi <rf laAnr for a I i r , i i tjH [ | , n i ij |, 
foot of run wifl be 17 iwhes; hence vl ^M mr'^^rii ! !itm 

it will be wdl to lemonber diat IS B^wntT^^^FOM 

on tongue and. 17 on td^> maiUng 

along the blade, irill give die bevd to fit a jack against a h^ or a 
valley in a i-pitdi rool 

In a roof having a rise of 9 indies to the foot of rtm,.sudi as the 
one under consideration, the length of rafter for one foot of run will 
be 15 inches. Tie square as shown in Fig. 25, with 12 on tongue and 
15 on blade, will pve the bevel by marking along the blade. 

To find the length of a rafter for a foot of run for any other pitdi, 
place the two-foot rule diagonally from 12 on the blade of the square 
to the figure on tongue representing the rise of the roof to the foot of 
run; the rule will give the length of the 
rafter that will span over one foot of 

The length of rafter for a foot of 

1 will also determine the difference 

in lengths of jacks. For example, if a 

roof rises 12 inches to one foot of run, 

the rafter over this span has been found 

to be 17 inches; this, therefore, is the 

number of inches each jack is shortened in one foot of run. If the 

rise of the roof is 8 inches to the foot of run, the length of the rafter is 

found for one foot of run, by placing the rule diagonally from 12 on 
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tongue to 8 on blade, which gives 14J inches, as shown in Fig. 26. 
This, therefore, will be the number of inches the jacks are to be 
shortened in a roof rising 8 inches to the foot of lun. If the jacks are 
placed 24 inches from center to center, then multiply 14J by 2 = 29 
inches. 

In Fig. 27 is shown how to find ^ ^r 

the length with the steel square. The 
square is placed on the jack timber 
rafter with the figures that have been ' 
used to cut the common rafter. In ^ 
f^g. 27, 12 on blade and 12 on tongue 
were the figures used to cut the com- 
mon rafter, the roof being } pitch, 

rising 12 inches to the foot of run. In the diagram it is shown how 
to find the length of a jack rafter if placed 16 inches from center to 
center. The method is to move the square as shown along tlie line of 
the blade until the blade measures 16 inches; the tongue then would be 
as shown from wtom, and the length of the jack would be from 12 on 
blade to m on tongue, on the edge of the jack rafter timber as shown, 

Thk latter method becomes convenient when the space between 
jacks b less than 18 inches; but if used when the space is more than 




pig. n. Method or Detern 



18 inches it will become necessary to use two squares; otherwise the 
tongue as shown at m would not reach the edge of the timber. 

In Fig, 28 the same method is shown for finding the length of a 
jack rafter for a roof rising 9 Inches to the foot of run, with the jacks 
placed 18 inches center to center. The square in this diagram is 
shown placed on the jack rafter timber with 12 on blade and 9 on 



1 




Ziw; Hko it \s moved forward along tbe line of tlie blade to ul 

■ bUde, wben in this latter position, ■will measure 18 inches. The 

L. Jongue will meet ibe edge of tbe timber at m, and the distance from 

«i on tongue to 12 on blade nill indicate the length of a jack, or, in 

her won Is, will show tlie length each jack is shortened when placed 




Flg.K). H«Ulod at FimUngBereti 



Tlmb«n la Roots at Bqiul Fitch. 



IS inches between centers in a roof having a pitch of 9 inches to the 
foot of run. 

When jaclu are placed between hip3 and valleys as shown at 
1, 2, 3, 4, etc., in Fig. 14, a better method of treatment is shown in 
Fig. 29, where the slope of the roof is projected into the horizontal 
plane. The distance from the plate in this figure to the ridge m, equa^ 
the length of the common rafter for the main roof. On the plate ann 
is made equal to a n n in Fig. 14. By drawing a figure like this to a 
scale of one inch to one foot, the length of all tbe jacks can be measured 
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and also the lengths of the hip and the two valleys. It also gives the 
bevels for the jacks, as well as the bevel to fit the hip and valley against 
the ridge; but this last bevel must be applied to the hip and valley 
when backed. 

It has been shown before, that the figures to be used on the 
square for this bevel when the timber is left square on back as is the 
custom in construction, are the 

length of a foot run of a hip or val- y^^^^^sS^^* ^^ ^ ^ 

ley, which is 17, on tongue, and the ^^ >^^^idqe board 




length of a hip or valley that will j 
span over 17 inches run, on blade — 
the blade riving the bevel. 

_. ^° ^ . „ , , , Pig. 81. Method of Finding Bevel 6, Pig. 

fiff. 30 contains all the bevels or w. 'or pitting mp or vauey Against 

^ Ridge when not Backed. 

cuts that have been treated upon so 

far, and, if correctly understood, will enable any one to frame any 
roof of equal pitch. In this figure it is shown that 12 inches run and 
9 inches rise will give bevels 1 and 2, which are the plumb and heel 
cuts of rafters of a roof rising 9 inches to the foot of run. By taking 
these figures, therefore, on the square, 9 inches on the tongue and 12 
inches on the blade, marking along the tongue will give the plumb cut, 
and marking along the blade will give the heel cut. 

Bevels 3 and 4 are the plumb and heel cuts for the hip, and are 
shown to have the length of the seat of hip for one foot run, which is 
17 inches. By taking 17 inches, therefore, on the blade, and 9 inches 
on the tongue, marking along the tongue for the plumb cut, and along 

Face cut cj.^/^>xBacK bevel ^}t^^^^ ^^^ *°^ ^^^^ board 

Toot boafd/v^ n/OsJot Jacks 
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Fig. 88. Method of Finding Back Bevel 0, Fig. S3. Determining Miter Cut for Roof- 
Fig. 80, for Jack Rafters, and Bevel Board. 
7, for Roof-Board. 

the blade for the heel cut, the plumb and heel cuts are found. Bevel 
5, which is to fit the hip or valley against the ridge when not backed, 
is shown from o t^?, the length of the hip for one foot of run, which is 
19| inches, and from o s, which always in roofs of equal pitch will 
be 17 inches and equal in length to the seat of a hip or valley for one 
foot of run. 
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These figures, therefore, taken on the square, 19} on the blade, 
and 17 on the tongiic, will ^ve the bevel by marking along the blade 
as shown in Fig. 31, where the square is shown applied to the hip 
timber with 19} on blade and 17 on tongue, 
the blade showing the cut. 

Bevels 6 and 7 in Fig. 30 are shown 
formed of the length of the rafter for one foot 
of run, which is 1 5 inches, and the run of the 
rufler, which is 12 inches. These figures are 
applied on the 
square, as shown 
in Fig. 32, to a 
jack rafter tim- 
ber; taking loon 
the blade and 12 
on the tongue, 
marking along 
the blade will 

give the back bevel for the jack rafters, and marking along the tongue 
will give the face cut of roof-boards to fit along the hip or valley. 

It is shown in Fig. 30, also, that by taking the length of rafter 
15 inches on blade, and rise of roof 9 inches on tongue, bevel 8 will 
give the miter cut for the roof-boards. 

In Fig. 33 the square is shown applied to a roof-board with 15 
on blade, which is the length of the rafter to one foot of run, and 
with 9 on tongue, which is the rise of the roof to the foot run; marking 
along the tongue will give the miter for the boards. 
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Backing of hip 



Other uses may be made of these 
figures, as shown in Fig. 34, which 
is one-half of a gable of a roof ris- 
ing 9 inches to the foot run. The 
squares at the bottom and the top 
will pve the plumb and heel cuts of 
the conmion rafter. The same 
figures on the square applied to the studding, marking along the 
tongue for the cut, will ^ve the bevel to fit the studding against the 
rafter; and by marking along the blade we obtain the cut for the 
Doanls that run across the gable. By taking 19i on blade, which is 
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the-length of the hip for one foot of run, and taking on the tongue the 
rise of the roof to the foot of run, which is 9 inches, and applying 
these as shown in Fig. 35, we obtain the backing of the hip by 
marking along the tongue of the two squares, as shown. 

It will be observed from what has been swd, that in roofs of 
equal pitch the figure 12 on the blade, and whatever number of inches 
the roof rises to the foot run on the tongue, will give the plunb and 
heel cuts for the common rafter; and that by taking 17 on the blade 
instead of 12, and taking on the tongue the figure representing the 
rise of the roof to the foot run, the plumb and heel cuts are found for 
the hips and valleys. 

By taking the length of the common rafter for one foot of run 
on blade, and the run 12 on tongue, marking along the blade will give 




Fig. S6. LaylDS Oat Tlmben ' 



Two Unequal Pltcheau 



the back bevel for the jack to fit the hip or valley, and marking along 
the tongue will give the bevel to cut the roof-boards to fit the line of 
hip or valley upon the roof. 

With this knowledge of what figures to use, and why they are 
used, it will be an easy matter for anyone to lay out all rafters for 
equal-pitch roofs. 

In Fig. 36 is shown a plan of a roof with two unequal pitches. 
The main roof is shown to have a rise of 12 inches to the foot run. The 
front wing is shown to have a run of 6 feet and to rise 12 feet; it has 
thus a pitch of 24 inches to the foot run. Therefore 12 on blade of the 
square and 12 on tongue will give the plumb and heel cuts for the 
main roof, and by stepping 12 times along the rafter timber the length 
of the rafter is found. The figures on the square to find the heel and 
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plumb cuts for the rafter in the front wing, wii! be 12 run and 24 rise, 
and by stepping 6 times (the number of feet in the run of the rafter), 
the length will be found over the run of 6 feet, and it will measure 13 
feet 6 inches. 

If, in place of stepping along the tjmlicr, the diagonal of 12 and 
24 is multiplied by 6, the number of feet in the run, 
the lengtli may be found even to a greater exactitude. 

Many carpenters use this method of framing; and 
to those who have confidence in their ability to figure 
correctly, it is a saving of time, and, as before said, 
will result in a more accurate measurement; but the 
better and more scientific method of framing is to work 
to a scale of one inch, as has already been explaineil. 

According to that method, the 
diagonal of a foot of run, and the 
number of inches to the foot run the 
root is rising, measured to a scale, 
will give the exact length. For 

, . . e ■ Tf- 1^ - P^ni Winn in Kwjf Shown In 

exumpic, tlie main roof m rig. jo is fib-m- 

' rising 12 inches to a foot of run. The diagonal of 12 and 12 is 1 f 
inches, which, considered as a scale of one inch to a foot, will pve 

(^1dqg ina'^'poslUori 





Fig. 38. lajlDB Oat TlmbMv of Roof Shown In Fig- W, by ProJacUng Slope of 
Boot iDCo Uorlzoautl Plane. 

17 feet, and this will be the exact length of the rafter for a roof lising 
12 inches to the foot run and having a run of 12 feet 

The length of the rafter for the front wing, which has a run of 6 
feet and a rise of 12 feet.may be obtained by placing the rule as shown 
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in Fig. 37 ^m 6 on blade to 12 on tongue, which will give a length of 
13^ inches. If the scale be considered as one inch to a foot, this will 
equal 13 feet 6 inches, which will be the exact length of a common 
rafter rising 24 inches to the foot run and having a run of 6 feet. 

It will be observed that the plan lines of the valleys in this figure 
in respect to one another deviate from forming a right angle. In 
equal-pitch roofs the plan lines are always at right angles to each other, 
and therefore the diagonal of 12 and 12, which is 17 inches, will be 
the relative foot run of valleys and hips in equal-pitch roofs. 

In Fig. 36 is shown how to find the figures to use on the square 
for valleys and hips when deviating 
from the right angle. A line is 
drawn at a distance of 12 inches 
from the plate and parallel to it, 
cutting the valley in m as shown. 
The part of the valley from m to 
the plate will measure 13^ inches, 
which b the figure that is to be 
used on ths square to obtain the 
length and cuts of the valleys. 

It will be observed that this 
equals the length of the common 
rafter as found by the square and 
rule in Fig, 37. In that figure is 
shown 12 on tongue and 6 on blade. 
The 12 here represents the rise, and 
the 6 the run of the front roof. If 
the 12 be taken to represent the 
run of the main roof, and the 6 to 
represent the run of the front roof, then, the diagonal 13^ will indi- 
cate the length of the seat of the valley for 12 feet of run, and there- 
fore for one foot it will be 13J inches. Now, by taking 13^ on the 
blade for run, and 12 inches on the tongue for rise, and stepping 
along the valley rafter timber 12 times, the length of the valley 
will be found. The blade will give the heel cut, and the tongue the 
plumb cut. 

In Fig. 38 is shown the slope of the roof projected into the hori- 
zontal plane. By drawing a figure based on a scale of one inch to one 
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foot, all the timbers on the slope of the roof can be measured. Bevel 
2, shown in this figure, Is to fit the valleys against the ridge. By 
drawing a line from w square to the seat of the valley to m, making 
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v 2 equal in length to the length of the valley, as shown, and by con- I 
necting 2 and m, the bevel at 2 is found, which will fit tiie valleys J 
against the ridge, as shown at 3 and 3 in Fig. 36. 

In Fig. 39, is shown how to find the length and cuts of octagon ' 
hips intersecting a roof. In Fig. 36, half the plan of the octagon is 
shown to be inside of the plate, and the hips o, z, o intersect the slope 
of the roof. In Fig. 39, thelinesbelowa^yare the plan lines; and those 
above, the elevation. From z, o.- 
o, in the plan, draw lines io xy, 
as shown from o to m and from z 
to m; from m and m, draw the ele- 
vation lines to the apex o", inter- 
secting the line of the roof in d' 
and c*. From d" and c*, draw 
the lines d" if and c" o' parallel 
to X y; from c", drop a line to in- 
tersect the plan line ao in e. 
Make a w equal in length to o'o' 
of the elevation, and connect w c; 
measure fromwtonthe full hei^t 
of the octagon as shown from xy 
to the apex o"; and connect c n. The length from ur to c is that of 
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the two hips shown at o o in Fig. 36, both being equal hips intersect- 
ing the roof at an equal distance from the plate. The bevel Sitw is the 
top bevel, and the bevel at c will fit the roof. 

Again, drop a line from d" to intersect the plan line azind. 
Make a 2 equal to v^ cT in the elevation, and connect 2 d. Measure 
from 2 to 6 the full height of the tower as shown from a: y to the apex 
cl* in the elevation, and connect d b. 
The length 2 d represents the 
length of the hip z shown in 
Fig. 36; the bevel at 2 is that of 
the top; and the bevel 0.1 d, the 
one that will fit the foot of the 
hip to the intersecting roof. 

When a cornice of any con- 
siderable width runs around a 
roof of this kind, it affects the 
plates and the angle of the val- 
leys as shown in Fig. 40. In 
this figure are shown the same 
valleys as in Fig. 36; but, owing 
to the width of the cornice, the 
foot of each has been moved the 
distance a b along the plate of the 
main roof. A\Tiy this is done is 

shown in the drawing to be caused by the necessity for the valleys 
to intersect the comers c c of the cornice. 

The plates are also aflFected as shown in Fig. 41, where the plate 
of the narrow roof is shown to be much higher than the plate of the 
main roof. 

The bevels shown at 3, Fig. 40, are to fit the valleys against the 
ridge. 

In Fig. 42 is shown a very simple method of finding the bevels for 
purlins in equal-pitch roofs. Draw the plan of the comer as shown, 
and a line from m to o; measure from o the length x y, representing 
the common rafter, to w; from w draw a line to m; the bevel shown 
at 2 will fit the top face of the puriin. Again, from o, describe an 
arc to cut the seat of the valley, and continue same around to S; con- 
nect S m\ the bevel at 3 will be the side bevel. 




Fig. 42. 



Method of Findlnflr Bevels for Pur- 
lins In Equal-Pitch Roofs. 
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PRACTICAL TEST QUESTIONS. 

In the foregoing sections of this Cyclopedia 
numerous illustrative examples are worked out in 
detail in order to show the application of the various 
methods and principles. Accompanying these are 
examples for practice which will aid the reader in 
fixing the principles in mind. 

In the following pages arc given a large number 
of test questions and problems which afford a valu- 
able means of testing the reader's knowledge of the 
subjects treated. They will be found excellent prac- 
tice for those preparing for College, Civil Service, or 
Engineer's License. In some cases numerical answers 
are given as a further aid in this work. 
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REVIEW QUESTIONS 

CARPENTRY 

PART I 



1. Classify trees as to the manner of growth and explain how 
the structure affects their value as building material. 

2. Give the characteristics of the four parts of the section of 
a conifer, shown in Fig. 1. 

3. AVhat effect do the medullary rays have on the lumber of 
such trees as the maple and oak? 

4. What are the common defects of timber? 

5. How can warping be prevented? 

6. Explain the term "quarter sawed." 

7. Mention the best framing lumber. What qualities recom- 
mend the kind mentioned? 

8. White pine, red cj-press, and poplar are usually considered 
the best lumbers to use in exposed positions. WTiy? 

9. What qualities make yellow or hard pine so popular? 

10. Classify lumber as hard wood and soft wood. State the 
more common uses of each kind. 

11. Name the common tools used in woodworking. 

12. How does the action of the rip saw differ from that of the 
cross-cut saw? 

13. Explain the uses of each kind of plane. 

14. What operations constitute * laying out"? 
*15. How is the 3 — 4 — 5 rule used? 

16. Give directions for constructing and setting batter-boards. 

17. From the information given in the text, discuss the avail- 
ability of the different kinds of wood to be used for shingles. 

18. What is bird's-eye maple? 
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19. Name the three parts of a steel square. 

20. What precaution should be taken in regard to ground 
water? 

21. Distinguish between the two growths of timber known as 
endogenous and exogenous. 

22. Explain how the exogenous trees increase in height and 
drcumference. 

23. Discuss the comparative value of the heartwood and sap- 
wood, 

24. Draw a sketch olm™;"" ♦!"■ "Tieral structure of some com- 
mon kind of wood, 

25. What is the uj ry rot and how may this be 
overcome? 
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OV THB 8X7BJBOT OB* 
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PART n 



1. Name the principal parts of a frame. 

2. Illustrate and describe a splice joint; a square butt joint; 
an oblique butt joint. 

3. Which of the three is the strongest? 

4. Illustrate three different methods of joining joists to 
girders. 

5. Illustrate and describe two joints particularly adapted for 
tension. 

6. Upon what does the strength of the joint shown in Fig. 
61 depend? 

7. What is a spline; and how is it used? 

8. Under what circumstances would the dovetail key illus- 
trated in Fig. 84 be used? When would you use the method illus- 
trated in Fig. 85? 

9. Distinguish between a balloon and a braced frame. 

10. Give the special advantages of the balloon frame and state 
why, in your opinion, it has become so popular. 

11. What method would you use to make a sill set firmly on a 
foundation? 

12. What method would you use to prevent the moisture in 
foundation from causing dry rot? 

13. Illustrate as many different kinds of comer posts as you 
are familiar with. 

14. What advantages has the ledger board over a girt? Which 
is preferable in balloon framing? 
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15. Deaer9>e ud ilhistzate a good method ol ftonii^ tbe cor- 
nexs of iiuide rooms ao ihat thoe viQ be a nailh^ for the lath. , 

16. What i»e(SUtioii should be taken m pcepamig far idsste 
around the dumn^t Qhistnto the method irtikli you think beqt 

■ , 17. Upon what princqile does the effect of dirigonal l»tdgbg 
depmd? 

18. I^scusB tha idative value of tite use of joist hangets and 
the use of guns in sufqxwting prden and justs. IDntirate the 
method idiicb you think best 

18. Describe a good med»d <tf ocMutnietion for a floor opeit- 
ing in front ci a fliqilace. 

2a Why ahpuU the fa^ of eadi jcnst be cut badk iriiere it 
mtors a masomy waUt 

21. Why are j(^ crowned? 

22. Does the Btraiglitneas ot the j(»at have anything to do wiA 
tbe manner in irbaxii it should be crowned? 

23. ~What method would ymi use in nqiporting conen when ' 
it is imposrible to use a post or wall vstdsx them? mustmte. 

24. Where is the ahrinkage (rf the lumber used in a bdb&if 
Hable to cause trouble? Bow can tlus be avoided? 

25. What special construction is desirable in the case of a par- 
tition where sliding doors are used? 
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1. Illustrate the different styles of roofs. Name each style. 

2. Which style of roof is the most common for cottages? 

3. What are the component parts of a roof? 

4. Discuss the ordinary size of rafters. What should be the 
limit of length for each size? 

5. Name the different kinds of rafters and draw a figure of 
each kind. 

6. What determines the pitch of the roof; and what does one- 
quarter pitch mean? 

7. Draw a plan of a six-room cottage with a single L and show 
how you would put the roof on the building. 

8. Illustrate how you would obtain the length of the valley 
rafters in this case. 

9. Draw a sketch of each of the different kinds of rafters you 
would use and illustrate roughly how you would lay the square on 
the rafters to obtain the bevels. 

10. What is a double gable roof? 

11. How are the proportions for a gambrel roof obtained? 

12. Sketch the roof framing for a dormer window. 

13. Why is it rarely necessary to back the rafters ased in resi- 
dences and cottages? 

14. Draw an illustration of a trussed partition, stating which 
timbers are used in tension and which are used in compression. 

15. What is a bowled floor; and where are these floors usually 
used? 
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16. How far may a balcony safely extend without bracing? 

17. Illustrate a good method of framing the overhanging por- 
tion of a gallery. Give the sizes of timber you would use. 

18. Define a king-post truss. 

19. Iliustrate and show which members are in tenaon. 

20. Illustrate the queen-post truss and show the tensioa J 
members. 

21. Name the different kinds of trusses usually used. 

22. In building a cupola or a tower, what special stresses must i 
be taken into consideration? 

23. Draw tlie principal members of a dome construction. 

24. What members are in tension? 
23. Illustrate the best method of cradling for a groined coling. J 
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1. Mention the various kinds of lumber used in your neigh- 
borhood for interior finishing. For exterior finishing. 

2. Wliat is the advantage of using sheathing and building 
paper? 

3. Illustrate the method which you consider best for the con- 
struction of a water table for a $3,000 residence. 

4. Illustrate and discuss the relative advantages of wood 
and metal gutters. 

5. Illustrate a section through a boxed cornice. 

6. What is the special advantage of the concealed gutter? 
Where is this gutter usually used? 

7. Draw a sketch showing the framing for a skylight. 

8. Make a list of the different parts of a window frame. 

9. Draw a cross section of the one side of the window frame, 
putting on dimensions which are conmion for frame buildings in 
your vicinity. 

10. Name and distinguish between the different kinds of win- 
dows. 

11. WTiat is a transom? A transom window? 

12. Illustrate the horizontal section through the side jamb of 
an interior door frame; of an exterior door frame. Name the 
parts. 

13. Name the parts of a three-piece base. Give the dimen- 
sions usually used. 

14. Sketch a conmion form of wainscoting. 
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, 15. Draw a careful sketch of a picture molding; a plate rail; 
a window sill; a mullion; a muntin. 

16. CtHiqwre Ute rdative vahieB of ahin^es aod di^ibMuds 
uwall covering. 

17. What is id(fing7 TITlun and how is it usedr 

18. Whatla the puipose ol a bcit ooone? JDhutnte a method 
d ccmstruction. 

19. Sntdi the detaib used wiA a tHae nfter and show Jiow 
the gutt^ is oHistnictedi 

2a Illustrate two methods of fimdiibg the ridge. 

21. Name the pvts used in the ownice td the gable and pve 
q)[aY>zimate ases for theae parts. 

22. Whatis a ve^ board? 

23. Dlusttate outsUe architrave. When is Uiis cxmstroctKra 
used? 

24. ESiow the construct^ used iihext nding or shingleg are 
covered by the fnate at a gable end and on a side walL 

25. What means are enqiloyed to catdi the water iriucb'mqr 
Uow between the jrants in a casement window? 
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STAIR -BUILiDINO 

1. Define staircase and stairway. 

2. What is meant by the rise and run of a stairway? How 
measured ? 

3. Define tread and riser. 

4. How do treads and risers compare as to number? Why? 

5. WTiat is a string or string-board'^ Describe the various 
kinds of strings. 

G. How are treads and risers fitted together and fastened in 
housed strings? 

7. Describe the construction and use of a pitch-board. 

8. How are the relative dimensions of treads and risers deter- 
mined? 

9. Are all the risers in a flight of stairs cut of uniform height? 

10. Descril^e the use of flyers, winders, and dancing steps. 

11. How are balusters fastened on strings? 

12. How are strings fastened to newel-posts? 

13. Describe methods of constructing bullnose steps and risers 
for same. 

14. WTiat is the difference between a quarter-space landing 
and a half-space landing^ 

15. Define the terms: well-hole; drum; cylinder; kerfing'. 
geometrical stairway; carriage timber; wreath; tangent; croun 
tangent; springing of a well-hole; ground-line; swan-neck; face- 
moidd; nosing; return nosing; spandrel; cove-moulding. 

IG. Describe the use of the fa^e-movld. 

17. WTien the face-mould is applied, and material for the 
wreath cut from the plank, how is the wreath-piece given its final 
shape? 
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18. \Vhat is the use of tangents in handrailing? What do the 
beveta represent? 

19. Wiat is an oblique planed 

20. Are all wreaths assumed to be resting on an oblique planet 

21. In referring to an oblique plane, what do you understand 
by the expressions mdined m one direction only and inclined m Itco 
direct ionsi 

22. What is meant when t*o wreath tangents are said to be 
equally inclined^ \Miaf, when unequally iiicliiied'i 

23. When an oblique plane is inclined in one direction only, 
how many bevels will be needed to twist the wreath? 

24. When the plane inclines in two directions, how many bevels 
are required? 

25. When the inclination is equal in two direction^ how many 
bevels are needed? 

26. When the plane is unequally inclined in two directions, 
how many bevels are needed? 

27. How can a stairway be reinforced? 

28. How should a scroll bracket be terminated against the 
liserT 

29. When a plane is equally inclined in two directions, how are 
the bevel or beveb to be applied to twist the wreath resting upon it 
in its ascent around the well-hole? 

30. What is the difference between the plan tangents, piich4iae 
of tangents, and tangents of the face-mould^ 

31. Why is it necessary to determine with exactness the angle 
between the tangents on the face-mould? 

32. What is the width of the face-mould to be, when laid out on 
the minor axis? 

33. How is the width of the mould at the ends determined? 

34. How do you find the minor axis and major axin of the uiouU 
curves? 

35. Show how to find the thickness of the plank that will be 
required for the wreath. 

36. When the plan tangents are at a right angle to each other, 
and the pitch is equal, how are the bevels to be applied, (1) in lelatioD 
to each other; (2) in relation to the sides of the wreath? 
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1. On what part of the square will you find the octagon scalet 
Describe its use. 

2. On what part of the square will you find the brace rtUet 
Describe its use. 

3. On what part of the square would you look for the board 
measuret Describe its use. 

4. What is meant by the pitch of a roof? 

5. What is meant by a bevel in roof framing? 

6. Draw a diagram of a roof, indicating thereon the ridge, 
common rafters, jack rafters, hips, valleys, plate. 

7. How would you lay out a pentagon by means of the square? 
A hexagon? Illustrate with diagrams. 

8. How, with a square, would you find the miter of an equi- 
lateral triangle? Of a hexagon? Illustrate with diagrams. 

9. What are meant by plumb ctU and heel cvif Draw a 
diagram to illustrate. 

10« Show how to lay out the heel cut of a common rafter. 

11. Draw diagrams illustrating use of the square in finding the 
relative length of run for rafters and hips. Explain. 

12. Show how to apply the square to a hip or valley timber to 
cut the bevel that will fit the top end against the ridge. 

13. Describe the application of the square in finding the 
relative height of a hip or valley per foot of run, to that of the common 
rafter. Draw a diagram. 

14. Describe a method of finding the bevels for purlins in 
equal-pitch roofs. 

15. Describe, with diagram, the use of the square in cutting the 
back bevel to fit a jack rafter against the side of a hip or valley. 
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The page numbers of this volume will be found at the bottom of the 
pages; the numbers at the top refer only to the section. 
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